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INTRODUCTION 
Pulse crops are the mainstay of Indian agriculture because 
of their ability to fix atmospheric nitrogen to make tjie soil 
productive. Pulses are second to cereals in their importance as 
human food and animals fodder, especially in India where the 
people derive most of their protein requirement from these crops. 
So pulses being rich in protein, are an important form of Indian 
dietary. Pulse crops are also serve as suitable green manure 
adding the much needed humus and an excellent forage and grain 
concentrate for cattle feed (Kaul and Sekhon, 1974). Legumes are 
not only rich in proteins but also contain carbohydrates, fats, 
minerals (specially calcium and iron) and vitamin B. On an 
average lOOg of pulse provides 385 Kilo cals, 24g protein, 140mg 
calcium, 8mg iron, 300mg phosphorus, 0.5mg thiamine, 0.3mg 
riboflavin and 2.0mg nicotinic acid. 
The importance of grain legumes in the world farming 
systems, as well as in human nutrition has been emphasized. 
(Anon, 1975). Hence, in the national nutritional uplift 
programme, more attention is being given to a balanced cereal-
pulse diet. Pulse crops play an important role in Indian 
agricultural economy by quality of their ability to fix 
atmospheric nitrogen in symbiotic association with the bacterium, 
Rhizobium in their root nodules. Their help improve soil fertility 
through bacterial nodules, which are formed in the roots of 
legumes. These crops are generally included in rotation in most 
of the areas and helped to keep soil alive and productive. 
Black gram (Vigna mungo); (Hindi-Urd or urid) belongs to 
family Fabaceae (Leguminosae).Seeds are eaten as dal after 
boiling.The dried and green stalk leaves of black gram are also 
used as fodder. It is a warm season crop and is grown in both 
Rabi and Kharif seasons in various states of India either alone or 
mixed with other crops. The major pulse growing states are Uttar 
Pradesh, Madhya Pradesh, Rajasthan, Andhra Pradesh, Bihar, 
Maharastra, Orissa, Haryana, Tamil Nadu, West Bengal, Punjab 
and Gujrat.Pulses are predominantly grown under rainfed and 
marginal lands with low inputs and vv'ithout plant protection 
cover. 
India has distinction of being world's largest producer of 
grain legumes occupying an area of 22-23 million hectares with 
an average yield of 10-13 million tonnes of grains annually put 
unfortunately the country has not been able to active self-
sufficiency in pulse requirements because of large human 
population which is increasing at an alarming rate. 
According to the latest economic survey, the percapita 
availability per day has declined from a peak of 70 grams 
achieved in mid fifties to less than 44grams at present as against 
the FAO/WHO recommendation of minimum pulse requirement of 
80 gms per capita (Fazal, 1993). Another reason of shortage of 
pulses is their low production which is insufficient relative to the 
need of human nutrition, particularly in the developing countries, 
where the "green revolution" has occurred only in the cereal 
production. 
There are several pulse crops which are grown in India, the 
chickpea (Cicer arietinum L.) and pigeon pea [Cajanus cajan (L.) 
Millsp.] are the most important ones followed by green gram 
[Vigna radiata (L.) Wilczek], black gram {V. inungo (L) Walp. 
Hepper], pea (Pisum sativum L.), covvpea [Vigna unguiculata (L) 
Walp.], \Qni\\{lensculinris Medic),Kzc/a faba, mothbean [V. 
acontifolia (Jacq.) Marechal] and lathyrus [Lathyrus sativus L.). 
Black gram is the fourth important pulse crop of the 
country next to cowpea, pigeonpea and green gram covering an 
area of three million hectares representing 12% of the total pulse 
acreage, but its contribution to total pulse production is hardly 
8%. India and central Asia is considered to be the primary centre 
of origin of black gram (Vavilov, 1926). De Candolle (1886) 
stated that Phaseolus mungo originated in India.The crop usually 
grows on wide range of soils ranging from sandy loam to alluvial, 
red laterite and black cotton soils. However, it has been observed 
that crops thrives best on lighter soil with good drainage. In India 
it is grown from a sea level upto an altitude of 6000m largely as 
a dryland crop (Jeswani and Baldev, 1990). 
Unfortunately, like other crops the production of pulse 
crops is subject to several constraints including those of pests 
and diseases, which play a leading role in the yield reduction. 
Black gram, in general, is susceptible to large number of pests, 
which cause heavy losses to the crop every year. Amongst the 
various diseases, the diseases caused by fungi and nematodes are 
major ones and cause more losses. Several fungal diseases such 
as dry root-rot (Rhizoctonia De. ex. Fr.spp.), wilt (Fusariuin 
Link. ex. Fr. spp.), rusts [Uromyces (Link.) Unger spp.] causes 
severe losses every year. The nematodes, Meloidogyne Goeldi 
spp., Rotylenchulus reniformis Linford and Oliver, 
Tylenchorhynchus brassicae Siddiqui are found associated with 
black gram. 
The production of black gram like other pulses reduced due 
to its higher susceptibility to pests and 
diseases. The pulse crops are heavily attacked by fungi, bacteria, 
nematodes and viruses. The major diseases caused by these 
pathogens include wilt, root-rot, blight, rust, powdery and downy 
mildew, mosaic and stunted growth resulting from the attack by 
root-knot and cyst nematodes (Nene, 1988). 
Several micro-organisms often develop symbiotic, 
synergistic or antagonistic relationship amongst themselves 
which could primarily be because of nutritional or spatial 
competition. All living organisms either cooperate or compete 
v/ith the other especially when they have similar and overlapping 
food resources. The plants in one or the other form, are the direct 
or indirect sources of food for the consumers of all trophic 
levels, including plant pathogenic organisms. 
It is well known that plants are exposed to various 
pathogens, instead of a single pathogen. Fawcett (1931) 
recognized that nature does not work with pure cultures and that 
many plant diseases are influenced by associated micro-
organisms whose action is often combined to induce damage. 
Mostly pathogens such as fungi, nematodes, bacteria and viruses 
are quite capable of causing serious diseases without being 
influenced by other biotic agents, but the economic damage often 
becomes more destructive and high when they interact with each 
other (P*owell and Nusbaum, 1960; Powell, 1968; Johnson and 
Powell, 1969; Husain et al., 1985; Weischer, 1983; Evans and 
Haydock, 1993; Sitaramaih and Pathak, 1993; Francl and 
Wheeler, 1993; Shahzad et al., 1995., Chahal, 1998 and Patel et 
al., 2000). 
Among the nematodes attacking pulses in India, root-knot 
nematodes (Meloidogyne spp.) are the most serious pest. They are 
also serious parasites of black gram (Swain and Kar, 1994; Fazal, 
1995).Root-knot nematodes interact with soil borne plant 
pathogens and synergistic interactions of root-knot nematodes 
with several soil-borne fungi are well documented (Powell, 1971; 
Taylor, 1990; Khan, 1993; Prot, 1993). Root-knot nematodes 
suppress root nodulation in pulses (Dhanger and Gupta, 1983; 
Raut, 1980; Mani and Sethi, 1984, 1987) as a result of which the 
total benefit from the nitrogen fixing bacteria is reduced (Taha, 
1983). The nematodes usually assist and enhance the 
pathogenicity mechanism of the fungi towards modifications in 
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the host plant. They contribute to the disease complex by 
modifying the physiology of the host plant and occasionally by 
the mechanical affects they exert on the host. Since the 
publication of Atkinson's report (1892) that Fusarium wilt of 
cotton was more severe in the presence of root-knot nematode 
(Meloidogyne s-pp.) than in its absence, a large volume of data 
has been accumulated which firmly establishes the involvement 
and the role of plant- parasitic nematodes in interactions with 
fungal pathogens on various crop plants. 
Black gram, among the various pulses is grown fairly in the 
larger areas in this part (Uttar Pradesh) of the country. During 
the course of survey of black gram fields in Aligarh district of 
the U.P. state, which falls between the great Gangetic plains of 
northern India, the single and concomitant occurrence of plant 
parasitic nematodes and some pathogenic fungi were observed 
from the root and soil samples of the crop. Meloidogyne 
incognita (Kofoid and White) Chitwood, root-rot fungus 
Rhizoctonia solani Kuhn and wilt fungus, Fusarium oxysporum 
happen to be dominant species associated with the unthrifty 
growth of this crop. Keeping in view the importance of the crop 
and the nematode - fungus associations it was considered 
desirable to study the pathogenicity and the interactive effects of 
M. incognita, Rhizoctonia solani and Fusarium oxysporum and 
Rhizoctonia solani on the physi-morphological characters of 
black gram cv. PDU-7 as there is a paucity of information 
regarding the interrelationship of nematode fungal pathogens on 
this crop. 
According to my dissertation title it was planned to work 
on more than one leguminous crop but later on the work was 
confined to only one crop i.e. Vlgna inungo. The following 
aspects have been studied experimentally: 
1. Effect of different inoculum levels of M. incognita, on 
plant growth and number of pods of Vigna inungo cv. PDU-
7, Chlorophyll contents, nematode development, 
nodulation, and gall formation in presence of Rhizobium. 
2. Effect of different inoculum levels of Meloidogyne 
incognita on plant growth and number of pods of Vigna 
mungo cv. PDU-7, chlorophyll contents, nematode 
development ad gall formation in absence of Rhizobium. 
3. Effect of different inoculum levels of Rhizoctonia solani on 
number of pods of V.mungo cv. PDU-7, chlorophyll 
contents, nodulation and root-rot development in presence 
of Rhizobium. 
4. Effect of different inoculum levels of Rhizoctonia solani on 
plant growth and number of pods of V. mungo cv. PDU-7, 
chlorophyll contents and root-rot development in absence 
of Rhizobium. 
5. Effect of different inoculum levels of Fusarium oxysporum 
on plant growth and number of pods of V. mungo cv. PDU-
7, chlorophyll contents, nodulation and wilt-index in 
presence of Rhizobium. 
6. Effect of different inoculum levels of F.oxysprum on plant 
growth and number of pods of V.mungo cv. PDU-7, 
chlorophyll contents and wilt- index in absence of 
Rhizobium. 
7. Effect of individual, simultaneous, and sequential 
inculation of M. incognita, R. solani and F. oxysporum on 
plant growth, number of pods of V.mungo cv.PDU-7, 
chlorophyll contents, nematode development, gall 
formation, nodulation, root-rot and wilt-index in presence 
of Rhizobium. 
8. Effect of individual, simultaneous, and sequential 
inoculation of M. incognita, R. solani and F. oxysporum on 
plant growth and number pods of V. niungo cv. PDU-7, 
chlorophyll contents, nematode development, gall 
formation, nodulation, root-rot and wilt-index in absence of 
Rhizobium. 
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REVIEW OF LITERATURE 
Plants are always exposed to large number of pathogenic micro-
organisms both in aerial and soil environment. Thus plants, their 
pathogenic organisms and the surrounding environment form a triangle 
which naturally can involve various types of associations or 
interactions. Soil is a complex ecosystem, inhabiting a wide variety of 
life forms, pathogenic as well as saprophytic, which often show 
synergistic, symbiotic and antagonistic relationship between 
themselves. Such associations may be beneficial or deleterious to 
plants. Disease syndrome resulting from root diseases are often caused 
by microbial interactions. Plant parasitic nematodes have principal role 
in many interactions, usually making plant roots more susceptible to 
invasion and parasitism by other soil inhibiting micro-organisms, 
plant-parasitic nematodes, for instance, have unique position in such 
situations. Root-knot nematode causes greater damage in natural soil 
than in autoclaved soil (Mayol and Bergeson 1970., Starr and Mai, 
1976). Many species of plant-parasitic nematodes predispose the plants 
to fungal and bacterial infections and thus the plants may suffer greater 
damage from concomitant infection. According to Pitcher (1965), 
nematodes may act as (i) vectors of pathogens capable of self 
establishment once in contact with the host (ii) vectors of pathogens 
incapable of self-establishment unless introduced below the host 
epidermis, (iii) mechanical wound agents, (iv) providers of necrotic 
infection-courts, (v) modifiers of the substrates, (vi) breakers of 
disease resistance and (vii) deterrents of plant diseases. Several 
literatures have been extensively reviewed by several authors (Taylor, 
1990., Khan, 1993., Sobita, 1995., Hillocks et ai, 1996, Fazal et ai, 
1998, Mahapatra et ai, 1999, Patel et ai, 2000) which firmly establish 
the involvement and role of phytoparasitic nematodes in interactions 
with other micro-organisms. 
Neniatode-Fungus Interactions: 
Interaction between nematodes and fungi have been recognized 
since 1892, Atkinson reported that Fusarium wilt {Fusarium oxysporum 
f. sp. vasinfectum (Atk.) Synder and Hansen) was more severe in 
presence of root-knot nematodes {Meloidogyne spp.) than in its 
absence. Recently several workers have received the work on 
interaction of phytoparasitic nematodes with fungi on various crops 
(Pitcher, 1978., Riedel, 1988., Hasan, 1993., Francl and Wheeler, 
1993., Evans and Haydock, 1993., Swain and Kar, 1994., Krishna and 
Krishnappa, 1996., Chahal et al., 1998., Erma and Shahzad, 1998). 
Three types of nematode-fungus interactions have been 
classified by Powell (1971). 
1. Nematode-fungus wilt disease interactions 
2. Nematode-fungus root-rot disease interactions. 
3. Nematode-fungus seedling disease interactions. 
1) Interaction with wilt causing Fungi: 
The interaction between Meloidogyne spp. And wilt-causing 
fusaria have been studied more than any other nematode fungus 
combinations (Powell, 1963, 1971., Mai and Abawi, 1987., Francl and 
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Wheeler, 1993). Interaction between Meloidogyne spp. and Fusarium 
spp. causing wilt has been studied by different investigators on cowpea 
(Thomson et al., 1959) on chickpea (Mani and Sethi, 1987) on black 
gram (Swain and Kar, 1994., Sankaranarayanan and Sunderbabu, 
1999). 
Much work has been done on the interaction of wilt-causing 
fungi with endoparasitic nematodes particularly Meloidogyne spp. as 
compared to semi-endoparasitic or ecto-parasitic nematodes (Khan, 
1984., Francl and Wheeler, 1993). The interaction of nematodes with 
wilt causing fungi especially Fusarium spp. has drawn much attention 
(Powell et al., 1971., Francl and Wheeler, 1993). A number of studies 
on interaction of root-knot nematodes and wilt causing fungi have been 
conducted on leguminous plants. In a study McGuire et al., (1958) 
observed highest wilting percentage of alfalfa variety Buffalo plants 
when inoculated with root-knot nematode, M. hapla and Fusarium 
oxysporum f.sp. vasinfectum. Thomason (1958) found that wilt of 
Vigna sinensis was more severe in plants grown in soil infested with 
both F. oxysporum and M. javanica than in soil infested with fungus 
alone. McGuire et al., (1958) observed that only 10% plants showed 
the wilt symptoms when infected with M incognita acrita and 15% 
with F. oxysprum f.sp. vasinfectum alone, where as 95%, 60% and 50% 
plants became wilted when the fungus was present in combination with 
M. hpla, M. javanica and M. incognita respectively. 
Presence of the nematode enhanced the development and 
severity of wilt. Padilla et al., (1980) observed that Meloidogyne spp. 
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alone caused severe stunting, F. oxysporum, alone caused no 
detrimental effect, where as concomitant inoculation of the nematode 
and fungus at planting caused the death of the plants after 45 days. 
Khan and Salam (1990) observed synergistic interaction between M 
javanica and F. udum on pigeonpea. Wilt symptoms appeared earlier 
and more severe than in plants inoculated with the fungus alone. 
Interaction of root-knot nematodes and wilt causing fungi on chickpea 
have also been studied by some workers. Inoculation of chickpea either 
with M. incognita or F. oxysporum f.sp. ciceri reduced growth of 
chickpea and highest reduction was obtained with simultaneous 
inoculation of both the pathogens followed by the treatment in which 
nematode inoculation preceded the fungus by 10 days (Kumar et al., 
1988). 
Mani and Sethi (1987) studied the effect of combined inocula of 
M. incognita, and F. oxysporum or F. solani on growth of chickpea 
which was found to be additive in nature. Flowever, when nematode 
was established earlier than the two fungi, the resultant effect was 
more than additive. All the three organisms affected the rhizobial 
nodulations considerably. Occurrence of M. incognita in combination 
with F. oxysporum f.sp ciceri and F. solani, not only increased the 
severity of disease but also shortened the incubation period for disease 
expression. Patel et al. (1987) also observed increase in the incidence 
of chickpea wilt due to F. oxyporum f. spp. ciceri in presence of M. 
incognita. In pot experiments Upadhyay and Dwivedi (1987) found 
greatest wilt symptoms in chickpea plants inoculated simultaneously 
with both M. javanica and F. oxysporum f.sp. ciceri, followed by 
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severity by inoculations of the nematode preceding the fungus and 
fungus preceding the nematode. The maximum number of root-galls 
were recorded on roots inoculated with nematode alone and the 
minimum number on roots where inoculation of the fungus preceded 
the nematode. The maximum reduction in shoot weight occurred where 
inoculation of hematode preceded that of the fungus. Khan and 
Hosseini Nejad (1991) observed synergistic interaction between M. 
javanica and F. oxysporum f. sp. ciceri on chickpea cultivars both in 
concomitant and sequential inoculations. Wilt symptoms were most 
prominent in the presence of M. javanica in concomitant inoculation 
than in sequential ones. Resistance of Pusa-212 recorded with the 
inoculation of fungus alone was broken in the presence of the 
nematode. 
Harris and Ferris (1991) reported the interaction between 
Fusarium oxysporum f. sp. tracheiphilum and Meloidogyne spp. in 
Vigna unguiculata. Effects of different inoculum densities on 
Fusarium-wih. In green house experiments with one inoculum density 
of either M. incognita or M. javanica, chlamydospores resulted in 
greater incidence and severity of Fiisarium-wilt than conidia at the 
same inoculum densities. Wilt symptoms also increased on wilt 
resistant cultivar CBS as inoculum densities of M. javanica were 
increased. When three cultivars were infested with moderate or high 
densities of both Fusarium oxysporum f. sp. tracheiphilum and M. 
javanica, only CB5 developed severe wilt at either inoculum density. 
The wilt tolerant cultivar Grant had mild wilt symptoms in most plants 
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at moderate inoculum densities. CB3, iiowever, liad higiier incidence 
and severity of Fusarium- wilt symptoms at high inoculum densities. 
Root-knot nematodes break the resistance of crop plants against 
soil borne pathogens. This aspect have been reviewed recently by Mai 
and Abawi (1987), Hasan (1993) and Prot (1993). Harrison and Young 
(1940) observed that root-knot nematode reduced the wilt resistance of 
several varieties of tomato in glasshouse experiments. Twenty tomato 
lines and varieties inoculated with wilt fungus and root-knot nematode, 
more found to be susceptible including those resistant to Fusarium 
oxysporum f. sp. lycopersici. 
Dwivedi et al., (1992) studied the interaction between the root-
knot nematode, Meloidogyne incognita and the fungus Fusarium 
oxysporum f. sp. udum on pigenpea var. T-21 in pot condition. The 
results indicated that the effect of the nematode in combination with 
the fungus enhanced the suppression of growth of plants including 
bacterial nodules. Of the two organisms M. incognita affected the plant 
growth characters to a greater extent in comparison to fungus, 
however, maximum growth reduction was observed when both 
organisms were present at higher level. The bacterial nodulation was 
adversely affected in the presence of both the organisms. The nematode 
development and multiplication was also affected by the presence of 
fungus and maximum gall index was found at higher inoculum level. 
Fazal et al., (1994) reported the interaction between M 
incognita and Fusarium oxysporum f. sp. lentis on Lentil using various 
combinations of each pathogen. Individually, F. oxysporum f. sp. lentis 
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was the most aggressive pathogen. At all combination, reduction in 
growth parameters in concomitant inoculation was greater than the 
additive of the pathogens acting independently, thus showing a 
synergistic relationship. Nematode multiplication and galling in the 
presence of fungus were significantly reduced. 
Fazal et al, (1994) studied the effects of individual and 
combined inoculation of Meloidogyne javanica, Rhizoctonia solani and 
Fusarium oxysporum f. sp. ciceri on chickpea in various combinations. 
Singly F. oxysporum f. sp. ciceri was the most aggressive pathogen. In 
concomitant inoculations, reduction in growth parameters was greater 
than the sum total of reductions caused by the pathogens alone. All the 
three pathogens adversely affected nodulation singly as well as in 
concomitant inoculations, and reduction in nodulation followed a 
similar trend in plant growth. Rate of nematode multiplication and 
galling was significantly reduced in the presence of both the fungi. 
Swain and Kar (1994) reported the disease complex involving M. 
incognita and F. pallidoroseum on black, gram. Wilting was maximum 
in treatments receiving M. incognita 7 days before F. pallidoroseum 
followed by simultaneous inoculation of both pathogens. 
Multiplication of M incognita was adversely affected by F. 
pallidoroseum. Devi Sobita (1995) studied the pathogenecity of 
Rotylenchulus reniformis, Meloidogyne incognita and Pratylenchus 
thornei and their interactive effect with Fusarium oxysporum f. sp. 
ciceri on chickpea. 
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France and Abawi (1995) studied the interaction between 
Meloidogyne incognita and Fusarium oxysporum f. sp. phaseoli on 
selected bean genotypes. Four bean genotypes (lPA-1, A-221, A-107 
and Calima), representing all possible combinations of resistance and 
susceptibility to F. oxysporum f. sp. phaseoli (Fop) and M. incognita, 
were each inoculated with three population densities of these 
pathogens. Calima and A-107 were resistant to Fop., A-107 and A-211 
were resistant to M incognita., and IPA-1 was susceptible to both 
pathogens. In Fop-susceptible lines (lPA-1 and A-211), the presence of 
M. incognita contributed to an earlier onset and increased severity of 
Fasarium wilt symptoms and plant stunting. However, the Fop resistant 
Calima developed symptoms of Genotype A-107 resistant to both (M 
incognita and Fop) and exhibited Fusarium wilt symptoms and a 
moderately susceptible reaction to Fop only after the break down of its 
M incognita resistance by elevated incubation temperature (27°C). 
Root galling and reproduction of M incognita were increased on the M 
incognita susceptible cultivars. However, these factors were decreased 
as the inoculum density of Fop was increased. It was concluded that 
severe infection of bean roots by M. incognita increased the severity of 
Fusarium wilt on Fop-susceptible genotype and may modify the 
resistant reaction to Fop. 
Hillocks and Marley (1995) observed the systemic effect of root-
knot nematodes on mechanism of resistance to Fusarium wilt disease. 
Root-knot nematode (Meloidogyne spp.) induced profound changes in 
the structure and function of the xylem tissues in which they feed. 
These changes are associated with increased incidence of Fusarium 
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wilt in number of crops. One or more mechanism may operate to 
increase the plants susceptibility to infection, depending on the host 
and nematode species involved. Systemic effects on host susceptibility 
to Fusarium wilt diseases have been indirectly demonstrated for some 
crops, although in most cases the mechanism of the effect is unknown. 
For cotton and p'igeonpea, a partial breakdown in resistance occurs in 
the presence of root-knot nematode and this is attributed to nematode 
induced decreases in the effectiveness of vascular occlusion in cotton 
and to a retarded phytoalexin response in pigeon-pea. 
Rao and Krishnappa (1996) discussed the wilt disease complex 
of chickpea caused by Meloidogyne spp. and Fusarium spp. in different 
agroclimatic zones of Karnataka. Rao and Krishnappa (1996) again 
reported the interaction of F. oxysporum f. sp. ciceri with M. incognita 
on chickpea cultivar Annagui in two soil types. Inoculation of chickpea 
with fungus, either with nematodes or seven days before or after 
nematode inoculation resulted in significant reduction in Fw and Dw of 
shoot and Fw of roots as well as an increase in wilt incidence 
compared with plants inoculated with the fungus alone. Nematode 
multiplication and root-knot incidence were higher in the alfisol and 
fungal growth and wilt incidence were higher in the vertisol. In 
Karnataka occurrence of Meloidogyne and Fusarium on chickpea cv. 
Annagui. Krishna and Krishnappa (1996) studied the wilt disease in 
chickpea cultivars caused by M. incognita and Fusarium oxysporum f. 
sp. ciceri. 
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Rao and Krishnappa (1997) reported a preliminary survey of 
chickpea crop. They studied the occurrence of the Meloidogyne-
Fusarium pathogen complex associated with chickpea, during Nov, 
Dec, 1991 in 15 districts in Karnataka, India. Data for each location on 
total wilted plants and population densities of Meloidogyne and 
Fusarium in root and soil samples indicated co-infection of 
Meloidogyne spp. and Fusarium spp. in 13 districts. In addition to 
Meloidogyne spp. other plant parasitic nematodes {Heterodera, 
Helicotylenchus, Hoplolaimus, Pratylenchus, Rotylenchulus, 
Tylenchorhynchus and Aphelenchoides) were found associated with 
wilted chickpea. F. Oxysporum f. sp. ciceri and F. solani were the 
predominant fungi found associated with wilted plants but R. solani, R. 
bataticola (Macrophomina phaseolina), verticillium sp. and sclerotium 
rolfsii (Corticum rolfsii) were also detected. 
Rao and Krishnappa (1997) conducted a survey on prevalence of 
Meloidogyne-Fusarium wilt disease complex of chickpea in Karnataka. 
They also observed in 1997 effects of the interaction of Meloidogyne 
incognita and Fusarium oxysporum f. sp. ciceri on root-knot disease 
and wilt incidence in chickpea cultivars susceptible to M. incognita 
Root-knot index was lowers in the presence of F. oxysporum f. sp. 
ciceri. There was an increase in wilt incidence in the presence of 
nematode and 2 wilt resistant cultivars BDal-9-3 and Aurodhi lost their 
resistance in the presence of M incognita. 
Effect of rhizosphere fungi and root-knot nematode on 
mungbean {Vigna radiata) variety ML-131 under the pot culture 
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conditions was reported by Chahal et al., (1997). Simultaneous 
infection of M incognita and pathogenic fungi {Fusarium oxysporum 
and Macrophomina phaseolina) caused more damage to tiie plants than 
individually. 
Variability among F. oxysporum f. sp. Lycopersici isolates in 
their ability to interact with Meloidogyne incognita race-1 was 
observed by Suleman et al., (1997). Isolates of F. oxysporum f. sp. 
Lycopersici obtained from different locations, were studied to 
determine if different populations of the fungus varied in their ability 
to form a disease complex with the root-knot nematode. All race-1 
isolates of Fusarium oxysporum f. sp. Lycopersici were similar in 
being unable to overcome monogenic resistance in tomato during co-
infection with nematodes. Isolates were also similar in causing a 
greater severity of wilt and vascular discolouration during co-infection 
of tomato with nematodes. Individual isolates differed with regard to 
the increase in wilt symptoms severity and extent of vascular 
discolouration induced during co-infection, suggesting possible 
heterogeneity among F. oxysporum populations in the degree of 
interaction with M. incognita. 
Fazal et al., (1998) studied a disease of black gram involving 
Meloidogyne javanico and Rhizoctonia bataticola. Interaction between 
M. javanica at 500 and 1000 J2/pot and R. bataticola (Macrophomina 
phaseolina) at 10 and 20ml mycelium per pot were evaluated on 
blackgram (Vigna mungo) cv. Plant U-19. In single species inoculation, 
reduction in plant growth, nodulation and yield was significant at both 
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the inoculum levels. In concomitant inoculations, the reduction was 
greater than additive effect of the pathogens acting independently, 
indicating a synergistic effect on plant growth, nodulation and yield. 
Maximum damage was observed when the nematode inoculation 
preceded fungal nodulation by lOdays. R. bataticola at both inoculum 
levels adversely affected nematode reproduction and root galling. 
Charu and Trivedi (1988) reported the effect of interaction 
between Meloidogyne incognita, Fusariuin oxysporuin and Rhizoctonia 
bataticola on chickpea. A combination of root-knot nematode, 
Meloidogyne incognita with F. oxysporuin and R. bataticola 
[Macrophomina phaseolina] caused more severe disease and yield 
losses in chickpeas. All the three pathogens were inoculated in 
different combinations to assess their role in disease severity. 
Reduction in plant growth, severity of root-knot and wilt incidence 
were greater in the combined treatments as compared to the pathogens 
alone. The reduction in shoot, root, length and weight was more 
pronounced when F. fusarium oxysporuin, Macrophomina phaseolina, 
R. bataticola and Meloidogyne incognita where combined followed of 
each fungus with nematode as confined to control and the fungi alone. 
Satyendra and Goswami (1999) observed penetration and 
development of root-knot nematode, Meloidogyne incognita alone and 
in presence of wilt fungus, Fusariuin oxysporuin in susceptible and 
resistant cultivars of cowpea. 
Patel et ai, (2000) observed interaction between Meloidogyne 
incognita and wilt inducing fungus, Fusariuin oxysporuin f.sp ciceri on 
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chickpea cv. Dahod Yellow and revealed that the organisms either 
individually or in combinations reduced plant height and fresh root and 
shoot weight significantly but the reduction was more by Meloidogyne 
incognita as compared to Fusarium oxysporum f.sp. ciceri. Among 
combined inoculations, simultaneous inoculation of both the pathogens 
had maximum suppressive effect on growth of chickpea plants as 
compared to preceding or succeeding inoculation of fungus and 
nematodes. Root galling and nematode multiplication on chickpea were 
maximum when nematodes were inoculated alone but it was reduced in 
the presence of fungus. The fungus alone was able to produce wilt 
disease but the incubation period for disease development was reduced 
and severity of the disease increased when root-knot nematode was 
present with fungus. Maximum wilting of plant was observed when the 
fungus and nematodes were inoculated simultaneously. 
Similarly, in tomato, interaction of Meloidogyne incognita and 
Fusarium oxysporum f. sp. lycopersici was reported by Bhagwati and 
Goswami (2000). 
Singh and Goswami (2001) reported the interrelationship 
between Meloidogyne incognita and Fusarium oxysporum on 
susceptible and resistant cultivars of cowpea. Meloidogyne incognita 
enhanced wilting of cowpea Pusa Komal when inoculated in 
combination with Fusarium oxysporum. Nematode inoculation 
preceded by fungal inoculation showed maximum effect (synergistic), 
followed by the treatment when both the pathogens were inoculated 
simultaneously. Presence of nematodes not only predisposed the host 
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but also shortened the incubation period for disease expression. Both 
the pathogens interacting simultaneously or nematode infecting prior to 
fungus, affected nodulation. 
Interaction of root-knot nematode and root-rot fungus. 
The frequency of involvement of nematodes and fungi in 
diseases complexes is reflected in number of crops on which such 
complexes are recorded and amongst the different plant parasitic 
nematodes of economic importance the root-knot nematodes 
{Meloidogyne spp.) have been thoroughly studied and commonly found 
involved in synergistic interactions with root-rot fungi. Steiner (1942) 
for the first time realized and discussed the importance of root-knot 
nematode with respect to plant in presence of root-rot fungi. Since then 
large number of workers have studied the association between root-
knot nematodes and root-rot fungi on different crops. 
A number of such studies under line the significance of 
nematode infected tissues from which the fungal pathogen derives 
aggressiveness and became pronounced. The root-knot nematode, M. 
incognita have been found to predispose the plant roots for secondary 
infection (fungal attack) resulting in the greater damage of plants by 
way of root decay. The disease caused by fungal pathogens become 
more pronounced and may appear earlier when plants are infected with 
nematodes. 
Dave (1975) reported that damage caused by R. solani Kuhn to 
soybean in presence of nematodes was more than additive. R. solani 
inhibited nematode population development. However, H. glycines was 
22 
the most suppressed and Tylenchorhynchus martini the least. Gracia 
and Mitchell (1975) studied the interactions by exposing groundnut 
seedlings in autoclaved soils to predetermined inoculum densities of 
the pathogens alone or in combinations. No single pathogen {Pythium 
myriotylum, F. solani, Rhizoctonia solani and Meloidogyne arenaria) 
caused significant damping-off at the density employed. P. myriotylum 
interacted significantly with F. solani and M. arenaria but not with R. 
solani in causing damping-off, P. myriotylum was not recovered from 
soil or roots after 3 weeks of seedling exposure to it and R. solani in 
combination with the other pathogens. 
Costa and Huang (1986) observed no synergistic pathological 
effects in pot trials using different sequences of infestation by the 
nematode, M incognita and the fungus, R. solani. Root branching 
appeared to be stimulated by the nematode and growth of infested plant 
was found to be improved suggesting some protection against R. 
solani. Goel and Gupta (1986) reported that the reduction in growth of 
the seedlings of chickpea occurred when the seedlings were inoculated 
with M. incognita and R. bataticola simultaneously or alone but the 
galling was significantly reduced when the seedlings were inoculated 
with nematode followed by fungus. 
Perez et al, (1986) reported that on inoculation of soil with the 
nematodes, M. incognita or Rotylenchulus reniformis Linford and 
Oliveira and with the fungus, R. solani, infection of soybean by R. 
solani was reduced. R. bataticola and M. incognita inoculated on Cicer 
arietinum either singly or concomitantly showed significant reduction 
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of plant growth in pot experiments. Singh et ai, (1986) reported that in 
combined infections of cowpea {Vigna iinguiciilata) the nematode 
population (M javanica) was suppressed in the presence of R. solani. 
Culture filtrates of the fungus significantly reduced hatching of larvae. 
Walia and Gupta (1986a) reported that neither H. cajani nor R. 
solani had any effect on the growth of Vigna unguiculata when 
inoculated separately. When R. solani was inoculated one week prior to 
H. cajani there was a significant reduction in the number of nematode 
cysts and larvae. When R. solani was inoculated 2 weeks after H. 
cajani there was a significant reduction in the top growth of plants as 
compared with controls or any other treatment. Walia and Gupta 
(1986b) again observed the inhibition of multiplication of H. cajani 
resulting in total absence of cysts, when R. bataticola was inoculated 7 
days prior to nematode in Vigna unguiculata (cowpea) seedlings. 
Varshney et al, (1987) reported that combined inoculations of 
Vigna unguiculata (cowpea) seedlings cv. Russian with M. incognita 
and Rhizoctonia solani caused a significant reduction in plant growth 
and the nodulation due to Rhizobium on cowpea. M. incognita interact 
with R. solani to reduce plant weight, with greater damage occurring if 
the nematode infection was established before inoculation of the 
fungus (Varshney et al, 1987), and an identical effect was also noted 
with F. solani on chickpea (Mani and Sethi, 1987). Similarly, on white 
jute plants combined inoculation of M. incognita and R. bataticola 
markedly increased the incidence of root-rot than either organism alone 
{Mhhxdi etal, 1988). 
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Sanchez-Anguiano et al, (1988) reported that Rhizoctonia 
solani, Fusarium oxysporum f. sp. phaseoli, F. solani f. sp. phaseoli, 
Pythium spp. are most important affects the plant population from 
emergence to the first 30 days of crop growth while Fusarium spp. 
decrease the potential productivity of the remaining bean plants. 
Decrease in grain yield due to the pathogen complex was 36.4% 
compared with the non infected controls. The reduction in gram yield 
was directly correlated with the degree of infection which mainly 
affected the number of pods. 
Khan and Husain (1988a) reported that individually R. solani 
was the most aggressive pathogen of cowpea followed by M. incognita, 
but the association of R. solani caused greater plant growth reduction 
to unbacterized plants than the bacterized ones. There was no 
significant difference in the plant growth reductions of bacterized 
plants whether inoculated simultaneously with nematode and fungus or 
when the nematode inoculation preceded fungus. On the other hand, 
there was significantly less reduction when fungus preceded nematode 
inoculation. R. solani reduced the rate of nematode multiplication in all 
combinations as compared to nematode alone. 
Inoculation of cowpea with M. incognita and R. solani led to the 
breakdown of resistance to both organisms (Khan and Husain, 1989 a ) 
and the greatest decrease in plant dry weight occurred when the lower 
inoculum level of M incognita were used with higher inoculum level 
of R. solani. However, R. solani irrespective of inoculum level 
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inhibited the multiplication of nematode (Khan and Husain , 1990 a) 
and restricted its penetration on roots (Khan et al, 1992). 
Other species of Meloidogyne are associated with root-rot fungus 
R. solani. Kanwar et al, (1987) found a considerable reduction in the 
root and shoot length, and dry weight of cowpea in the combined 
inoculation of M. javanica and R. solani as compared to uninoculated 
control. The growth of plant was found to be better in loamy sand 
which supported higher number of nodules than in sandy loam. Fewer 
galls were observed in the simultaneous inoculation of both the 
pathogens than on those infested with nematode alone but, reduction in 
nodulation was non significant in all the three soil types. While in 
another study, a significant reduction in plant growth of cowpea cv. 
HFC42-1 was observed, when M javanica was inoculated 3 weeks 
prior to R. solani in pot experiments. Nodules were also significantly 
reduced in presence of both the pathogens with greatest reduction in 
nematode treatment only (Kanwar et ai, 1988). In the presence of 
nematode, each fungus caused significant root necrosis (Nath and 
Kamalwanshi, 1989). 
Gupta and Mehta (1989) while studying the interactive effects of 
different levels of M javanica and Rhizoctonia spp. {R. solani and R. 
bataticola), observed an increase in various growth parameters of 
mungbean, when fungus grown on oat meal was added as compared to 
that grown on PDA broth. However, the number of galls were reduced 
when nematode and fungus were added simultaneously. The reduction 
being more pronounced with R. bataticola as compared to R. solani. 
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On the other hand Anwar and Verma (1993) found a significant 
reduction in various growth parameters of chickpea, when M. javanica 
and R. solani were inoculated concomitantly, the maximum reduction 
being in simultaneous inoculation than the sequential inoculation. A 
similar trend was observed with respect to reduction in nematode 
multiplication, galling and root nodulation. 
Walia and Gupta (1986) found that R. solani adversely affected 
H. cajani Koshy population when inoculated one week prior to 
nematode on cowpea. Number of cysts and larvae were significantly 
reduced over nematode alone. On the other hand, the fungus when 
inoculated 2 weeks after the nematode, reduced the top growth of 
plants significantly as compared to check or any other treatment. H. 
glycine has been also reported to interact with Fusarium solani (R.oy et 
ai, 1989., Hershman et al, 1990 and Calonectria crotalariae (Loos.) 
Bell and Sobers (Overstreet et al, 1990) on soybeans. 
Aerial blight of French bean, groundnut, soybean, black gram, 
green gram and horsegram-a new record from India observed by 
Srivastava and Gupta, (1989). Rhizoctonia solani was found to cause 
this disease on Vigna mungo, V. radiata, Phaseolus vulgaris, 
groundnut and soybean during a survey in Sikkim in 1987 and 1988. 
Hau et al, (1989) studied on the pathogenic fungi and incidence of pod 
rot. Rotted groundnut pods from the Yeoju area yielded isolates of 
Fusarium solani (32%), F. oxysporum (43%) and Rhizoctonia solani 
{11%). 
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Sarr et al, (1989) reported that 200 M. Javanica juveniles per 
pot were sufficient to reduce the growth of cowpea cuitivar N5857. M. 
incognita and M. javanica cause severe galling, stunting and chlorosis 
of mungbean. A mixed infestation of M. incognita and M Javanica 
reduced seed yields 39%. (Hand and Mishra, 1989). 
In pot experiments carried out to study the interaction between 
Rhizoctonia spp. and M. javanica on French bean {Phaseolus vulgaris), 
neither R. solani nor R. bataticola (M. Phaseolina) had any effect on 
plant growth, but both affected reproduction of M. javanica. R. solani 
reduced the number of eggs per egg mass, whilst M. phaseolina 
reduced the number of egg masses when added immediately before 
inoculation with the nematode (Naresh Mehta and Gupta, 1990). 
Pandey and Singh (1990) reported that R. bataticola and M. incognita 
inoculated on chickpea {Cicer arietinum) either singly or 
concomitantly showed significant reduction of plant growth in pot 
experiments. 
Pandey and Singh (1990) reported on Phaseolus aureus {Vigna 
radiata) crops in Allahabad, India, that Fusariuin oxysporum, 
Rhizoctonia bataticola (Macrophomina phaseolina) and Meloidogyne 
incognita were found with an average intensity of 19.2, 16.5 and 5.0% 
respectively. 
Iqbal et al, (1990) reported Rhizoctonia solani a new root-rot 
disease of lentil in Pakistan. Lentil was observed to be affected by a 
root-rot disease at the National Agricultural Research Centre. 
Islamabad, Pakistan during the spring of 1988 and 1989. R. solani was 
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isolated from diseased plants and pathogenicity was confirmed. This is 
the first report of R. solani causing root-rot of lentil in Pakistan. 
A severe stolan rate of M arvensis was observed during Mar-
Apr at the Indian Institute of Horticultural Research Experimental 
Farm at Banglore, Karnataka reported by (Roopali Singh, 1991). The 
stolans first showed blocking of tissue, which led to extensive drying 
up of shoots and leaves and subsequent death of entire plant. R. solani 
and Macrophomina phaseoli [M. Phaseolina] were consistently 
isolated from diseased tissue and pathogenicity was confirmed. 
Srivastava and Singh (1991) reported the interaction effect of 
Fusarium oxysporum and Rhizoctonia solani with Meloidogyne 
incognita on tomato [Lycopersicon esculentum Mill.]. In a pot 
experiment, tomato seedlings were inoculated with F. oxysporum, R. 
solani and M. incognita either simultaneously or alone. Greatest 
damage occurred when all 3 pathogens were inoculated together or 
when one pathogen was inoculated immediately after another. 
Khan et ai, (1991) observed the reaction of different varieties of 
peanut against Rhizoctonia solani. In pot experiment with a 9 cultivars 
grown in soil inoculated with an isolate of R. solani from groundnut, 
mortality rate from pre-and post emergence damping-off varied from 
10-18% in ACC-12 to 19.25% in ICC (E) 94. 
Moustafa et al, (1992) noticed the reaction of certain tomato 
cultivars to Fusarium wilt and root-rot disease caused by F. oxysporum 
f.sp. lycopersici and Rhizoctonia solani respectively. Eleven tomato 
cultivars were screened for infection by F. oxysporum and R. solani in 
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the greenhouse in 1991. Reaction with Fusarium wilt varied with 
genotype, but no resistance to Rhizoctonia root-rot was shown. A 
synergistic effect between the two pathogens was evident. The tomato 
cultivars were classified into 3 groups according to their reaction to the 
Fusarium wilt, root-rot and synergistic complex resistant waiter, 204A, 
204B and Romitel, (2) tolerant FH Agera, Roma, Menligious and 
Chicco III, and (3) susceptible Mecline, 4(9)-3 and money maker. 
Pathogens affected vegetative growth of seedlings, the effect was more 
severe when the two pathogens were used in combination. 
Hide et al, (1994) observed the influence of stem canker {R. 
solani Kuhn) on tuber yield, tuber size, reducing sugars and crisp 
colour in cv. Record. Inoculating seed tubers with R. solani caused 
stem canker in 8 field experiments, carried out in Nothing hamshire, 
Hertfordshire and Bedfordshire, UK over 4 years. In 7 of eight 
experiments the total yield and tubers in the size range 40-70 mm 
decrease while yield of larger tubers generally increased. In most 
experiments inoculation with R. solani increased the reducing sugar 
content of the tubers and darkened the colour of crisps, but did not 
consistently affect the amounts of sucrose. 
Morfa et al., (1994) studied the cultural and pathogenic 
variations in the isolation of Rhizoctonia spp. causing root-rot of 
cotton. A total of 13 isolates of Rhizoctonia solani were categorized 
into 4 distinct groups on the basis of cultural characteristics. Isolates in 
group Rs-2 showed fastest mycelial growth whereas those belonging to 
group Rs-4 exhibited minimum mycelial growth. Isolates belonging to 
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groups Rs-1 and Rs-2 produced bigger and smaller sclerotia, 
respectively and were more pathogenic on cotton cv. DS-1 seedlings 
than isolates in group Rs-3 and Rs-4 which only produced mycelial 
aggregates. Severity of isolates of R. bataticola (Macrophomina 
phaseolina) also differed in cultural characteristics including sclerotial 
size and number; Two isolates of M. phaseolina showed differences in 
pathogenicity on cotton cv. DS-1 seedlings. 
Baixd et ai, (1995) reported Rhizoctonia solani AG-7 in Indiana 
for the first time. A sudden wilt of watermelon was detected in Indiana, 
U.S.A. R. solani AG-7 was commonly isolated from roots and its 
pathogenicity was confirmed. 
Shahzad and Ghaffar (1995) studied the effect of Meloidogyne 
incognita on colonization of Rhizoctonia solani on mungbean roots. 
Pot experiments showed that the colonization of mungbean [Vigna 
radiata] roots by Rhizoctonia solani increased in the presence of 
Meloidogyne incognita in soil. Root colonization by R. solani was 
found to be related with the population of the fungus in soil. Hietala 
(1995) reported the root dieback symptoms from the roots of 2-year-
old nursery grown Norway Spruce (Picea ahies) seedlings [in Finland]. 
The most frequency isolated species, a uninucleate Rhizoctonia sp. was 
found to co-exist with binucleate Rhizoctonia in the same root system 
of several seedlings. 
Kamlesh Matur et ai, (1995) reported Rhizoctonia solani, a new 
disease in chilli in Rajsthan. They noticed the 80% Capsicum plants 
were affected by Rhizoctonia solani during Mar-Apr for the first time. 
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Pieta et al, (1995) observed the variability of Rhizoctonia solani Kuhn 
strains and their pathogenicity to soybean. Web blight of pear cultivars 
Passe Crassen and La France, respectively was detected in Okayame 
prefective Japan in Jul. 1989 and Oct. 1993 by Nasu et al., (1996). The 
casual organism was isolated and identified as R. solani AGI-IB. 
Channa et al., (1995) studied on Rhizoctonia solani (Kuhn) 
causing root-rot of lentil Rhizoctonia solani was isolated from infected 
lentil roots and in vitro pathogenicity tests, 100% infection was 
recorded. Sunder et al., (1996) observed the effect of age and quality 
of inoculum, temperature and pH of substrate on the pathogenic 
behaviour of Rhizoctonia solani on cowpea and cotton. Rhizoctonia 
solani was more pathogenic to cowpea than cotton. Increase in 
inoculum from 50-200 mg/pot resulted in an increase in seedling 
mortality by pathogenicity of the isolates abated with an increase in the 
age of inoculum. Inoculum of Rhizoctonia solani harvested from 
incubation temperature of 25-30"C and pH 6.5-7.5 produced maximum 
disease on cowpea and cotton. Inoculum grown at lO^C resulted in 
lower seedling mortality. 
Mazumdar et al. (1996) observed the influence of some 
predisposing factors on the pathogenicity of Rhizoctonia solani on 
green gram. Damping-off of green gram {Vigna radiata cv. T-44) 
caused by Rhizoctonia solani in acidic soil increased with increased 
inoculum density. 14 days old inoculum was found to be the most 
pathogenic in causing damping-off. Virulence of the fungus was 
greatly reduced after 14 days. Sandy clay-loam soil favoured 
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pathogenic activity most wiien compared witii clay and clay loam soil. 
Damping-off incidence was correlated with inoculum depth, inoculum 
placed at 2-4 cm. depth gave maximum damping-off but as the 
inoculum depth increased the percentage damping-off gradually 
decreased. 
Kassab and AH (1996) reported that the interrelationship 
between Meloidogyne incognita, Rotylenchuhis reniformis, Rhizoctonia 
solani, and Rhizobium on cowpea were investigated. When R. solani 
and each nematode were together, additive effects were observed in 
reducing seed germination and seedling emergence. Meloidogyne 
incognita alone, slightly promoted plant growth and nodule formation. 
R. reniformis suppressed plant growth and nodule formation. 
Rhizoctonia solani was pathogenic and severely damaged plants and 
nodular growth and when inoculated in combination with M. incognita 
it predisposed the plants to gall formation and nematode fecundity. 
When combined with R. reniformis, R. solani was parasitic but non-
pathogenic to cowpeas. It was shown that R. solani does not interfere 
with the life cycle and fecundity of R. reniformis. 
Ceresini et al, (1997) noticed the association of binucleate 
Rhizoctonia spp. and Rhizoctonia solani Kuhn AG4 HGI and AG2-2 
III B to snapbean {Phaseolus vulgaris L.) in Sao Paulo state, Brazil. 
Interaction between Nematodes and seedling diseases: 
Fungi and nematodes combine to increase root damage in the 
disorders in early stages of plant growth, which may be classified as 
seedling disease. It is very difficult to differentiate between root-rot 
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disease from seedling diseases on the basis of symptoms and nature of 
infection which are quite similar in both the cases. The differences are 
based on the stage of the plant at the time of infection and disease 
development. In the seedling diseases, as in root-rot and wilt diseases, 
nematode-fungus combination bring about more damage to the plants. 
Under green hbuse condition, the citrus nematode, Tylenchulus 
semipenetrans interact with F. solani resulting greater damage of citrus 
seedlings than caused by either of the pathogen alone (Van Gundy and 
Tsao, 1963). Damping-off of seedlings in several crops caused by 
Rhizoctonia solani, increased in the presence of nematodes. 
Carter (1981) noticed that the severity of cotton seedlings 
increased when M. incognita was inoculated simultaneously with 
Rhizoctonia solani and suggested that nematode provided additional 
penetration sites for the fungus. The association of both the nematodes 
M. javanica and M. hapla increased the pre-emergence damping-off of 
soybean seedlings in the presence of Rhizoctonia solani (Taylor and 
Wyllie, 1959). 
Migratory ectoparasitic nematodes play an important part in 
seedling disease complexes with many fungi and cause considerable 
damage to the plants. The harmful effects were observed on affalfa by 
Edmund (1964, 1968) when plants were inoculated with Pratylenchus 
penetrans in the presence of Trichodenna viridae and Fusarium 
oxysporum. 
Castillo et al., (1977) reported reduced seedling emergence and a 
seed yield reduction of 28.9% caused by M. incognita in infested field 
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plots. High density level of M javanica may kill mungbean seedlings 
(Castibog and Castillo, 1975). 
Singh (1977) studied the effect of root-knot nematodes, 
Meloidogyne incognita (Kofoid and White 1919) Chitwood 1949, alone 
and in combination with some Fusarium spp. on seedling emergence 
and growth of cauliflower, brinjal and tomato. 
Shepherd-RL (1984) reported the effect of root-knot nematode 
alone and in combination with fungi on cotton seedling diseases. 
Meloidogyne incognita has been reported to increase the incidence of 
cotton seedling diseases and fungi that interact synergistically with this 
nematode include Fusarium oxysporum f. vasinfectum, Rhizoctonia 
solani and Pythium debaryanum. 
The roots and stem base of soybean seedlings were most 
frequently infected by R. solani and F. solani while the plants anthesis 
were mainly infected by F. oxysporum f. sp. glycine (Pastucha, 1998). 
Roux-A-le and Le-Roux-A (1990) reported the seedling disease 
of cotton caused by Rhizoctonia solani but other fungi including 
Fusarium spp., Pythium spp. an Macrophomina phaselina may also be 
involved 
Kassab and Ali (1996) studied the interaction between M. 
incognita, Rotylenclules roniformis, Rhizoctonia solani and Rhizobium 
on cowpea. When Rhizoctonia solani has inoculated with either 
dditive effects we observed in reducing seed germination and seedling 
emergence. 
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Pathak et al. (2000) recently reported a significant decrease in 
germination and seedling emergence of cauliflower was recorded at 
500 nematodes /kg soil which further decreased with increase in 
inoculum level. Seed germination and seedling emergence were more 
in unsterilized soil then in sterilized soil. Plant growth characters were 
adversely affected with an increase in the level of inoculum from 500 
to 10000 juveniles/kg soil. Significant reduction in growth characters 
could be noticed at and above the level of 500 nematodes/kg soil. 
NEMATODES ROOT-NODULE BACTERIA INTERACTION: 
Interaction between root-nodule bacteria and plant parasitic 
nematodes have been reported on several leguminous plants. 
Depending upon the made of parasitism of the nematode the impact on 
interactions with root-nodule bacteria differs. Several phytoparasitic 
nematodes with different modes of parasitism have been found to cause 
reduced nodulation on leguminous plants. 
Miller (1951) was first to observe the inhibition of nodulation on 
roots of pea due to root-knot nematode infection. Since then there have 
been several reports about the inhibition in root nodulation due to root-
knot nematode infection, eg. Meloidogyne incognita on mungbean, 
Phaseolus aureus (Hussaini and Seshadri, 1975) later on several other 
workers have also reported that root-knot nematodes caused reduction 
in nodulation of leguminous crops eg. (Romaniko, 1958, Masefild, 
1958), M. hapla on hairy vetch (Malek and Jenkins, 1964) and on 
soybean (Balasubramanian, 1971) and Meloidogyne Javanica on mung 
(Vigna radiata) (Bopaiah et al. 1976), M incognita in mungbean 
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{P.aureus), Hussaini & Seshadri, 1975), and on soybean Srivastava, et 
al. Hussey and Barker, 1974, 1976., Baldwin et al. 1975. Hussaini and 
Seshadri (1975) observed that M. incognita was pathogenic to 
mungbean/green gram {Phaseolus aureous) and hampered nitrogen 
fixation. The nematode caused significant decrease in weight of plants 
(fresh and dry weight of roots and shoots). Reduction in nitrogen 
content was considered by them to be due to the overall reduction in 
root nodulation, anatomical changes in modules and altered physiology 
of the host. 
Raut and Sethi (1980) examined and found a progressive 
decrease in the growth of soybean plants and root nodulation as the 
inoculum level of M incognita increased. The nodule reduction takes 
place in both the seasons, summer as well as winter. Raut (1980) again 
printed out that mungbean inoculated with M. incognita showed 
gradual reduction in growth with an increase in initial inoculum level. 
The nitrogen fixing capacity was also affected in mungbean variety 
"PIMS-I" 
Taha and Kassab (1980) reported that inoculation of M. Javanica 
with Rhizoctonia spp. did not affect nodulation on Vigna sinensis 
Endl., and nodules were also formed on galls caused by M. javanica. 
on the other hand, M. incognita reduced nodulation and inhibited the 
nitrogen fixation (about 63%) in the nodular tissue of cowpea. Infected 
nodules contained different developmental stages of nematodes and the 
nodules infected by nematode deteriorated much earlier thanuninfected 
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ones. The nematode inoculation prior to rhizobia resulted in maximum 
reduction in nodulation (Ali et al, 1981). 
Dhanger and Gupta (1983) observed the pathogenecity of 
Meloidogyne javanica to chickpea (Cicer arietinum) in relation to soil 
types, Rhizobium treatment, size of pots and time intervals. They found 
M. javanica pathogenic in all three types of soil and different time 
intervals. Similarly Rhizobium treated seedlings showed better growth 
characters than untreated seeds. 
Al-Hazmi (1985) reported root-rot of bean caused by 
Macrophomina phaseolina .In the presence of M. incognita ,root-rot of 
cv. Romano Italian was increased upto 54.5%, when both pathogens 
were present together. Ten juveniles of M. incognita per plant caused 
significant galling (Thakar ez" a/.,1986), but in some cases 1000 
juveniles per plant were necessary to cause damage (Moni and Nair, 
1986). Nodulation was reduced as inoculum level increased from 10 to 
10,000 juveniles per plant (Moni and Nair 1986). 
The reduction in nodulation was also noted by Goel and Gupta 
(1986) on chickpea when inoculated simultaneously with M javanica 
and R. bataticola. When the three pathogens. M. incognita R. solani the 
nodulation was affected as reported by Hussain et al, (1985), which 
Mani and Sethi (1987) achieved this phenomenon on chickpea by the 
simultaneous inoculation of M. incognita, Fusariiim oxysporum f. sp. 
ciceri and F. solani. 
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Kanwar et al. (1987) also studied the disease complex in relation 
to the soil types. Plant growth and nodules were better in loamy sand 
than other two types of soil, i.e. sandy soil and sandy loam soil, 
Chahal and Chahal (1988) studied the effect of interaction of 
Rhizobium and M. incognita on fixation and translocation of iron (Fe) 
in the shoots of Vigna radiata cv. ML-267 grown in pots, containing 
sterilized river sand supplied with 0.300 ppm Fe translocation in the 
shoots of nodulated and non-nodulated plants. Chahal and Chahal 
(1989) again reported that M. incognita reduced the leghaemoglobin 
and bacteroid contents of Rhizobium nodules of mungbean (Vigna 
radiata cv. G-65) irrespective of initial level of inoculum (250, 500 or 
2000 2"^ " stage juveniles/seedlings) Thus adversely affecting the 
functioning of nodules. Nitrogenase activity of nodules decreased with 
an increase in the initial inoculum level. 
Verdejo et al. (1989) observed the invasion of M. incognita in 
the aseptic roots of pea and black bean {P. Vulgaris). Females were 
developed in about 19 days. Juvenile nematode invaded nodules 
initiated by Rhizobium, nodules also formed on galls initiated by 
nematode. M. incognita suppressed root nodule growth. However, it 
stimulated the initiation of nodules which remained undeveloped. 
Effective nodules have more nitrogenase activity per gm. On plants 
with M. incognita than on those without nematodes. M. incognita 
increased the leghaemoglobin content of nodules on pea and decreased 
it on P. vulgaris. 
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Increasing inoculum levels of root-knot nematode caused gradual 
reduction in the nodulation of different pulse crops but the significant 
reduction was observed with 100 juveniles per plant of M javanica on 
chickpea (Siddiqui, 1990) and blackgram (Fazal et al. 1993) and 1000 
juveniles of M. incognita on greengram (Fazal et al. 1994), 
respectively. H'owever, in all the cases, the reduction was 
comparatively high at the higher inoculum levels. 
In addition to Meloidogyne spp., other plant parasitic nematodes 
have also been associated with pulse crops. They are following-
Ko et al., (1983) made light microscope studies to determine the 
step at which nodulation of soybean was disrupted by H. glycines. 
They reported that root have responded to R. japonicum with tips 
curling, twisting as swelling despite extensive root infection of H. 
glycines Rhizobium japonicum resulted in the formation of only few 
nodules. Degeneration of bacteroid tissues appeared at 4 seeks 
accompanied by the disappearance of starch in uninvaded cortical cells 
H. glycines most likely disrupted nodulations prior to the step of 
nodule initiation. Ko et al. (1984) again applied a split root technique 
to characterize the nature of nodulation suppression by race-1 of the 
soybean cyst nematode, H. glycine on cv. Lee 68. Root valves of each 
split-root plant were inoculated do was with R. japonicum. and other 
root valves with different number of soybean cyst nematode eggs only. 
They suggested that nodulation and n-fixing capacity were 
systemically and variously suppressed on both root valves of the split-
root plants 5 weeks after half root inoculation with 12.500 nematode 
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eggs. Inoculation with 500 eggs caused this suppression only on 
nematode infected root-half and nodulation on the companion 
uninfected root half inoculated with 5000 eggs were excised at two 
weeks interval, nodulation on remaining uninfected root-valves was not 
different from that of the non-inoculated control when measured 6 
weeks after the -nematode inoculation. Thus, systemic suppression of 
nodulation was reversible upon the removal of nematodes. 
Walia et al. (1989) observed a considerable reduction in the root 
nodulation of guar at the higher inoculum level of H. cajani (500 and 
above /lOOl), however, they suggested that the actual functioning of 
nodules is hampered even at the low inocula. 
Gupta and Yadav (1979) studied the pathogenecity of R 
reniformis on Urd {Vigna mung) and found that there was 
corresponding decrease in the number of reniform nematode on the 
other hand, no deleterious effect on nodule growth was detected on 
cowpea when Rhizobium and R. reniformis were simultaneously 
inoculated, unless R. reniformis was inoculated prior to Rhizobium 
(Taha and Kassab, 1980). German! el al, (1984) investigated that 
infestation of soybean by P. safaensis is similar to that of cyst or root-
knot type nematodes as reported by Epps and Chambers (1962). Green 
(1984) studied that in vitro conditions cyst nematodes, P. thorni Sher 
and Allen and Ditylenchus dipsaci (Kuhn) Filipjev in activated the 
nodules so that fully formed nodules lacked leghaemoglobin on pea 
plants. The plants compensated by developing extra nodules giving 
apparent increase in nodulation. 
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Fungus-Rhizobium Association: 
Literature is available on the interaction step between fungi and 
root nodule bacteria Kush (1982) conducted pot experiments using 
covvpea Rhizobium and one per cent inoculum of Rhizoctonia 
bataticola on greengram to study the interaction between symbiosis 
and root-rot in terms of plant growth and nitrogen fixation. He 
observed increased nodule weight, nitrogenase activity and root and 
shoot dry weight in the Rhizobium treatment, but in presence of R. 
bataticola nodule fresh weight, nitrogenase activity and plant growth 
was reduced significantly over Rhizobium alone treatment. Swada 
(1982 and 1983) observed root discolouration and poor Rhizobial 
nodulation of lucerne seedlings when the soil was naturally infected 
with Rhizobia and Fusarium oxysporum. The severity of root-rot was 
less on nodulated seedlings then on non-modulated ones when the soil 
was naturally infested with Rhizobia and Fusarium oxysporum. The 
severity with Rhizobia and Fusarium oxysporum. The severity of root-
rot was less on nodulated seedlings than on non nodulated ones when 
inoculated with R. meliloti and F. oxysporum. invitro hyphal growth of 
F. oxysporum was suppressed y multiplication of/?, meliloti in a mixed 
culture. 
Zamoblim and Schenk (1984) found that the number and weight 
of nodules were reduced due to infection of Macrophomina, 
Rhizoctonia and Fusarium spp. In soybean but increased considerably 
in presence of Glomus mossea (Nicol and Gerd.) Gerd. and Trappe. 
Infection and disease intensity were, however, rot significantly 
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affected. There were no differences in growth response to G. inossea 
and the pathogens in nodulated and non-nodulated plants. Khan (1986) 
observed a gradual decrease in the number and size of cowpea nodules 
with the increase in the inoculum level of 7?. solani. Similar results 
were also found with M phasedina on the nodulation of chickpea by 
Siddiqui (1990)' and on mungbean by Tiyagi (1990). In field 
experiments ever two years, the production of mungbean was increased 
when Rhizobium symbiont was inoculated on the seeds or drenched at 
30 days. However, in presence of M. phaseolina (inoculated by 
spraying with sclerotic suspension) the nodulation was reduced. 
Disease severity was higher on plants inoculated with fungus done than 
in those with both pathogens and symbiont indicating an effect of the 
Rhizobium on host metabolism, leading to restraint of the pathogen 
(Bhattacharyya and Mukherjee, 1990). Infection of mungbean by 
Macrophomina phaseolina was reduced by the seed treatment with 
Rhizobium meliloti (Hussain et al. 1990). 
Haque and Ghaffar (1993) studied the Rhizobium meliloti and 
Bradyrhizobium japonicum Jordan inhibited the growth of M. 
phaseolina, R solani and F. solani invitro and when used as seed 
dressing or soil drench, reduced the infection of these root infecting 
fungi on both leguminous (soybean and mungbean) and non-
leguminous (Okra and Suntlower) plants, thereby indicating the bio-
control potential of Rhizobium species against root-rot disease. 
Effect on Photosynthetic Pigments 
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Chlorophyll are the most important pigments of plants 
responsible for the photosynthesis. During this phenomenon the green 
pigments of plants conserve light energy (radiant energy) into chemical 
energy. Chlorophyll a and b are the in high quality in plants. The 
interaction of nematodes and fungi affect the photosynthetic pigments 
in plants. 
Effect of Nematodes on Photosynthetic Pigments: 
Infection of the nematodes in roots of the host plant rapidly 
disrupt the physiological process. Several workers reported the effect 
of nematodes on photosynthetic pigment of host plants. The reduction 
in net photosynthetic rate and chlorophyll contents of tomato was 
observed in presence of M. javanica (Loveys and Bird, 1973) 
A gradual decrease in the chlorophyll contents with the increase 
in the inoculum level of M. incognita both in presence and absence of 
Rhizobium was observed in mungbean (Singh et al. 1977). The 
bacterized plants had higher concentration of chlorophyll than the 
unbacterized ones. The reduction of chlorophyll content was due to the 
alteration of host nutrition and physiology. Melakeberhan et al. 
(1985a) found a significant decrease in the chlorophyll contents of 
french bean, within two weeks after infection with different inoculum 
levels of yi<f. incognita. 
Upadhyay and Banerjee (1986) reported that decrease in the 
chlorophyll contents of chickpea due to M javanica infection was 
because of proportional increase in the concentration of pheophytin. 
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The imbalance in chloropiast pigments may be correlated with the 
general chlorosis and dieback caused by the infection of nematodes. 
Chahal and Chahal, (1987) reported that significant reduction in 
the chlorophyll contents (Chi a, b) of mungbean leaves caused by 
increased number of nematodes (M. incognita), which ultimately lead 
to the reduced production and supply of carbohydrates to nodules for 
carrying out nitrogen fixation. Quantitative changes in the chlorophyll 
contents of root-knot infected plants have also been reported by Anawr 
and Alam (1989), and on chickpea (Tiyagi and Alam, 1990., and 
Ahmad and Kumar, 1990). Chandel et ai, (1993) observed a higher 
reduction in the chlorophyll contents of susceptible pigeonpea cultivar 
when inoculated with M. incognita. Vashisth et al., (1994) reported a 
similar effect of root-knot nematode on the chlorophyll contents of 
some black gram cultivars. 
Effect of Fungi on photosynthetic pigments: 
Fungi are also associated with legumes and they reduce the 
photosynthetic pigments of plants. Reduction in chlorophyll contents 
of chickpea was reported due to wilt fungus, Fiisariwn oxysporum f. 
sp. ciceri infection (Murumkar and Chavan, 1985). Buonaurio (1991) 
determined the chlorophyll contents of chloroplasts from faba bean 
leaves infected with Uromyces viciae (Pers.) Schroet and observed 
chlorophyll contents from the beginning of uredospore differentiation 
to pustule eruption (8-14 days) after inoculation. Interactive effect of 
fungus and nematode also reduce the chlorophyll contents of pulse 
crops. Tiyagi (1990) reported the effect of M incognita and 
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Macrophomina phaseolina alone and in combination on tiie chlorophyll 
contents of mungbean and observed a significantly higher reduction in 
chlorophyll contents (Chi. a, b and total chl. a+b) in concomitant 
inoculations than in either of them alone. Shah (1993) reported the 
similar effect in photosynthetic pigments (Chl. and Carotenoids) in 
simultaneous ino'culation of M. incognita, and R. solani on the potted 
frenchbean plants. 
Effect of Nematode- Fungus Disease complexes on Root 
Nodulation: 
The infection of nematode and fungi cause reduction in pulse 
crops. The reduction of root nodulation is considerable when pathogen 
infect individually but in their concomitance the reduction in root 
nodulation has been found to be much more pronounced. 
Hussain et al., (1995) reported significantly higher reduction in 
the nodulation of pea when three pathogens M. incognita, R. solani and 
pea mosaic virus were inoculated simultaneously then any one of them 
alone. Mani and Sethi (1987) reported similar results on chickpea by 
inoculating M. incognita, Fusarium oxysporiiin f.sp. ciceri and 
Fusarium solani simultaneously. 
Varshney et al., (1987) reported that combined inoculations of 
Vigna unguiculata (cowpea) seedlings cv. Russian with M. incognita 
and Rhizoctonia solani caused a significant reduction in plant growth 
and the nodulation due to Rhizobium. 
Khan and Hussain (1988a) found a reduction in the nodulation of 
cowpea when M. incognita, R. reniformis and R. solani were inoculated 
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simultaneously. Gupta and Mehta (1989) observed the same in the 
concomitance of M javanica and R. bataticola mungbean. Averse 
effects on nodulation was also noted by Tiyagi (1990) on mungbean 
and Siddiqui (1991) and Hussain (1992) on chickpea upon the 
concomitant inoculation of M. incognita and M. phaseolina and by 
Anwar and Vernia (1993) on chickpea in presence of M. javanica and 
R. solani. 
Kassab and Ali (1996) reported the interaction among 
Meloidogyne incognita, Rotylenchulus reniformis, Rhizoctonia solani 
and Rhizobium on cowpea. M. incognita alone, slightly promoted plant 
growth and nodule formation, R. reniformis suppressed plant growth 
and nodule formation. R. solani was pathogenic and severely damaged 
plants and nodular growth and when inoculated in combination with M. 
incognita it predisposed the plants to gall formation and nematode 
fecundity. 
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MATERIALS AND METHODS 
The different materials to be used and the methods to be 
employed during the course of proposed experimental programme 
are generalized as follows: 
Selection of test Plant and Pathogens: 
In the proposed plan of work the root-knot nematode, 
Meloidogyne incognita (Kofoid and White) Chitwood, 1949, and 
the wilt fungus Fusarium oxysporuin Schlechtendahl Freis f. sp. 
phaseoli Kendrick et Snyder and the root-rot fungus Rhizoctonia 
solani Kuhn, have been selected as test pathogens for the studies. 
Black gram [Vigna mungo (L) Ilepper] cv. PDU-7 used as test 
plant during summer season. Respective Rhizobia of these test 
plants also used. 
Single eggmass obtained from the root of brinjal {Solanum 
melongena) infected with root-knot nematode, M. incognita was 
collected from bringal fields around Aligarh, was surface 
sterilized with chlorox (calcium hypochloride) for 5 minutes and 
then washed thrice in sterilized distilled water. The eggmass was 
then allowed to hatch in sterilized distilled water at 21°C, the 
larvae thus obtained were used for further inoculation of egg 
plants to maintain a regular supply of pure inoculum for 
experimental work. 
Preparation and Sterilization of Soil Mixture: 
Sandy loam soil, which is commonly found in Aligarh was 
collected from fertile field in Aligarh Muslim University 
Agricultural Farm. The soil was then passed through a coarse 
sieve (1 mm pore size) to remove stone particles and debris etc. 
Organic manure at the rate of 3:1 (soil: organic manure) was 
thoroughly mixed with the soil and earthen pots (15 cm) were 
filled with this soil-organic manure mixture @ 1 kg/pot. A little 
water was poured in each pot before transferring them to 
autoclave for sterilization at 20-lb. pressure for one hour. 
Sterilized pots were allowed to cool down at room temperature 
before use for experiments. 
Raising and Maintenance of Test Plant: 
The seeds of test plant, Vlgna miingo cv. PDU-7 were 
surface sterilized with 0 .1% mercuric chloride for 2 minutes, and 
thoroughly washed thrice in distilled water and sown in clay pots 
(15 cm diameter), containing steam sterilized soil. After 
emergence, the seedlings were thinned and only one seedling was 
allowed to grow in each pot. One week old seedlings at three leaf 
stage were inoculated with test pathogens, as per the schedule of 
the experiments. 
Rhizobium Inoculation: 
The surface sterilized seeds were coated with black gram 
(Vigna mungo) strain of Rhizobium (R. phaseoli Dangeard) 
obtained from lARI, Pusa, New Delhi. Sucrose solution (5%) 
used as sticker, was mixed with black gram rhizobial culture. 
Seeds were then mixed with this mixture in such a manner that 
uninform coating formed on their surface. These bacterized seeds 
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were dried in shade for about lialf an hour at room temperature 
and then sown in autoclaved earthen pots containing soil-organic 
manure (3:1) mixture. 
Preparations of Nematode inoculum: 
Culture of root-knot nematode, h4. incognita was 
maintained on brinjal in concrete microplots. Egg masses were 
handpicked from heavily infected brinjal roots with the help of 
sterilized forceps from the previously maintained pure culture of 
M. incognita on brinjal. The egg masses were washed with 
sterilized water and placed on a small coarse sieve (1 mm pore 
size) fitted with moist tissue paper. Later the sieve was placed in 
10 cm diameter petridish containing water just touching its lower 
portion. A series of such assemblies were kept to get required 
number of second stage juveniles (J2) for inoculation. The second 
stage juveniles (J2) were hatched out after 24 h at 27"C in an 
incubator (Stemerding, 1963). After every 24 hours the nematode 
suspension (J2) was collected in beakers from petridishes. Fresh 
water was added to petridishes after withdrawing the nematode 
suspension every time. This process was repeated upto 5-7 days. 
These second stage juveniles served as the inoculum of root-knot 
nematode. The second stage juveniles of Meloidogyne incognita 
were counted with the help of counting dish under the 
stereoscopic microscope (Southey, 1986). An average of 3 to 5 
count were made to determine the approximate population of 
nematode juveniles in the suspension. Calculations were made for 
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the total suspension for nematode larvae to be used for 
inoculation. 
Isolation of Fungus from Infected Roots: 
Blackgram {V. mungo) plants showing distinct galls and 
exhibiting root-rot and wilt symptoms were collected in 
polythene bags from infected fields. Serial washing technique 
(Harley and Waid, 1955) was employed to isolate fungus from 
infected roots. Roots were transferred to a sterilized dish 
containing sterile distilled water and gently freed of soil 
particles. The process was repeated till all the soil particles were 
removed. The roots were cut into small pieces approximately 
5mm and transferred to petridishes containing 0 .1% mercuric 
chloride solution. After one minute root pieces were washed at 
least three times in distilled water and dried on filter paper. Five 
of these root pieces were then placed in each of 10 petriplates 
containing potato dextrose agar (PDA) (Peeled potatoes, 200 gm; 
Dextrose, 20 gm; Agar-Agar, 20 gm and distilled water, 1000 
ml). 
Petriplates were incubated at 28±2"C for 10 days. The fungi 
which developed on root segments were examined and identified. 
After confirmation of fungus identity, the pure cultures of 
Fusarium oxysporum and Rhizoctonia solani were prepared. 
Raising and Maintenance of Fungus Culture: 
For obtaining sufficient inoculum the two fungi were later 
cultured on 'Richard' liquid medium (Riker and Riker, 1936) 
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having following composition. Potassium nitrate lOg, Potassium 
dihydrogen phosphate 5.0g, Magnesium sulphate 2.5g, Ferric 
chloride 0.02g, Sucrose 50.Og and Distilled water 1000ml. 
The medium was prepared and filtered through muslin 
cloth and then sterilized in an autoclave at 15 lb pressure for 15 
minutes in 250 ml Erlenmeyer conical flasks each containing 
100ml of liquid medium. Later the fungus was inoculated in 
sterilized flasks with the help of sterilized inoculation needle, in 
an aseptic chamber. Inoculated flasks were then incubated at 
28±2°C for about 15 days to allow sufficient growth of the 
fungus. 
Pure cultures of both the fungi were continuously 
maintained on PDA by reinoculation of the fungus after every 15 
days. 
After incubating the flasks for about 15 days the required 
medium was filtered through Whatman filter paper No. 1. The 
mycelial mat was washed in distilled water and gently pressed 
between sterile blotting sheets to remove excess amount of 
liquid. The inoculum was prepared by mixing lOgm fungal 
mycelium in 100ml of distilled water and blending it for 30 
seconds in a mixer (Stemerding, 1964). In this way each 10ml of 
this homogenate contained Igm of fungal mycelium. 
Inoculation Technique: 
One week old seedlings (three leaf stage) of blackgram 
(Vigna mango) cv.PDU-7 were inoculated with 1000 second stage 
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juveniles (J2) of Meloidogyne incognita, Igm mycelium of 
Fusarium oxysporum and Rhizoctonia solani throughout the 
course of these investigations, unless stated otherwise. Feeder 
roots of both bacterized and unbacterized seedlings were exposed 
just before inoculation, holes of 5-7 cm depth around the plants 
within a radius of 2cm from the plants were made in which a 
counted number of nematode larvae (second stage infective 
juveniles) and fungal suspension were transferred wi-th the help 
of sterilized pipette. The holes were then plugged with sterilized 
soil. Both individual and combined inoculation of the pathogens 
were done depending upon the experiment. Throughout these 
studies each treatment was replicated three times and 
uninoculated plants were kept as control. Regular watering was 
done to maintain the soil moisture. Experiments were terminated 
after 60 days of inoculation. 
RECORDING OF DATA: 
Parameters Used: 
The plants were uprooted after 60 days of inoculation and 
their roots were gently washed off the soil, taking utmost care to 
avoid losses and injury to roots during the entire operation. The 
excess of water was removed by putting the plant parts between 
the folds of the blotting sheets, for some time before taking their 
fresh weights. For measuring length and weight the plants were 
cut with sharp knife just above the base of the root emergence 
zone. The length of the shoots and roots was recorded in 
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centimeters from the cut end to the top of the first leaf and to the 
longest root respectively. The weight were recorded in grams. 
For dry weight, the roots and shoots were kept in bamboo 
envelopes for drying in an oven at 60"C for 2-3 days. Reduction 
in dry plant weight (root+shoot) was calculated in terms of per 
cent reduction for the interpretation of the results. 
Root Nodule Estimation: 
Modulation was estimated by counting the number of nodules per 
root system and percentage of nodulation reduction over control 
was calculated. 
Root-knot Estimation: 
The root-knot nematode galls were estimated by counting the 
number of galls per root system. The degree of root infection 
caused by root-knot nematode was assessed according to the 
rating scale of Taylor and Sasser (1978) for the presence of root 
galls as under 
1 
2 
3 
4 
5 
No galls, 
1-10 galls, 
11-30 galls 4 
31-100 galls, 
10 1 and above galls. 
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Wilt Estimation: 
IT-/ 
After inoculation, the pdrs^vvere kept in benches of 
net house in complete randomized block design 
(CRBD). Plants were observed regularly for appearance 
of wilt symptoms. The intensity of wilt symptoms was 
determined after 60 days of inoculation. The wilt-index 
rated on 0-4 scale as given below (Sidhu and Webster, 
1987). 
0 
4 
No symptoms 
Light symptoms 
Moderate symptoms 
Heavy symptoms 
Severe symptoms (dead) 
Root-Rot Estimation: 
The rating scale for root-rot estimation was 
observed as follows: 
1 
2 
3 
4 
5 
Less than 10% root-rot 
11-25% root-rot 
26-50% root-rot, 
51-75% root-rot and 
76-100% root-rot (severe root-rot) 
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Statistical Analysis: 
The data obtained were analysed statistically and 
significance of variance was calculated at P(0.05) and P(O.Ol) 
levels. 
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RESULTS 
1. Effect of different inoculum levels of M. incognita on 
plant growth, number of pods, chlorophyll contents, 
nematode development, nodulation and gall formation in 
presence of Rhizobium. 
It is evident from the data given in Table No. 1. a & b that 
the plant growth of V. mungo was decreased with an increase in 
the inoculum levels of root-knot nematode. The root length of the 
plant was recorded by 24.20, 22,35, 20.70 and 18.10 cm as 
compared to 26.90 cm in uninoculated control and shoot length of 
plant was 31.80, 28.50, 26.70 and 25.60 cm as compared to 
32.60m cm in uninoculated control in 500, 100, 2000 and 4000 
juveniles of M. incognita inoculated plants respectively. 
Reduction in total plant length was 5.88, 14.53, 20.33 and 
26.55% over control in above given treatments respectively. 
The fresh weight of root was 2.17, 1.99, 1.74 and I .61gas 
compared to 2.3 Ig in uninoculated control and fresh weight of 
shoot was 6,30, 6.18, 6.01 and 5.32 g as compared to 6.90g in 
uninoculated control in 500, 1000, 2000 and 4000 juveniles of 
Meloidogyne incognita respectively. Reduction in total plant 
fresh weight was 8.03, 11.29, 15.85 and 24.75% over control in 
above given treatments respectively. 
The dry weight of root was recorded by 0.890, 0.849, 
0.801, and 0.750 g as compared to 0.940 g in uninoculated 
control and dry weight of shoot was recorded by 2.54, 2.36, 2.12 
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and 2.01 and 2.01 g as compared to 2.97 g in uninoculated 
control in 500, 1000, 2000 and 4000 juveniles of M. incognita 
inoculated plants respectively. Reduction in total plant dry 
weight was 12.20, 8.15, 25.31 and 29.41% over control in above 
given treatments respectively. 
Total number of pods per plant were 20.0, 18.33, 14.00 and 
11.00 as compared to 21.67 in uninoclated control in 500, 1000, 
2000, and 4000 juveniles of M. incognita inoculated plants 
respectively. Reduction in number of pods was 7.70 15.41, 35.39 
and 49.23% over control in above given treatments respectively. 
Chlorophyll ' a ' was recorded 1.102, 0.992, 0.887 and 0.801 
mg/g as compared to 1.251 mg/g in uninoculated control in 500. 
1000, 2000, and 4000 juveniles of M. incognita, inoculated plants 
respectively. Reduction in chlorophyll ' a ' was recorded 11.91, 
20.70, 29.09 and 35.97% over control in above given treatments. 
Chlorophyll ' b ' was 0.684, 0.607, 0.572 and 0.498 mg/g as 
compared to 0.942 mg/g in uninoculated control in 500, 1000, 
2000 and 4000 juveniles of M. incognita inoculated plants and 
reduction in chlorphyll ' b ' was 27.38, 35.56, 39.27 and 47.13% 
over control in above given treatments respectively. 
Total chlorophyll (a+b) was recorded by 1.786, 1.599, 
1.459 and 1.299 mg/g as compared to 2.193 mg/g in uninoculated 
control in 500, 1000, 2000 and 4000 juveniles of and M. 
incognita inoculated plants respectively. Reduction in total 
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chlorophyll (a+b) was 18.55, 27.08, 33.47, and 40.76% over 
control in above given treatments respectively. 
Total number of nodules per root system were recorded by 
44.33, 36.67, 28.67 and 22.67 as compared to 61.67 in 
uninoculated control in treatments 500, 1000, 2000, and 4000 
juveniles of M. incognita respectively. Reduction in nodules per 
root system was recorded by 28.11, 40.53, 53.51, and 63.23% 
over control in 500, 1000, and 4000 juveniles of M. incognita 
respectively. 
Total nematode population was recorded by 10950, 14892, 
23580 and 32715 in 500, 1000, 2000 and 4000 juveniles of M. 
incognita inoculated plants respectively. Rate of nematode 
multiplication was recorded by 21.90, 14.89, 11.79 and 8.17 in 
above given treatments respectively. 
2. Effect of different inoculum levels of M. Incognita on 
plant growth, number of pods, chlorophyll contents, 
nematode development and gall formation in absence of 
Rliizobium. 
It is evident from the data given in Table No. 2. a & b that 
an increase in nematode inoculum levels decreased the plant 
growth of V. mungo. The root length of plant was recorded by 
24.10, 20.90, 20.15 and 18.95 cm as compared to 26.50 cm in 
uninoculated control and shoot length of plants was 30.20, 26.90, 
24.60 and 23.35 cm as compared to 31.75 cm in uninoculated 
control in 500, 1000, 2000 and 4000 juveniles of M. incognita 
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inoculated plants respectively. Reduction in total plant length 
was 6.71, 17.93, 23.17 and 27.38% over control in above given 
treatments respectively. 
The fresh weight of root was recorded by 1.75, 1.64, 1.32 
and 1.22 g as compared to 2.06 g in uninoculated control and 
fresh weight of shoot was 5.65, 5.45, 4,95 and 4.40 g as 
compared to 6.35 g in uninoculated control in 500, 1000, 2000, 
and 4000 juveniles of M. incognita inoculated plants 
respectively. Reduction in total plant fresh weight was 12.00, 
15.69, 25AA and 33.14% over control in above given treatments. 
The dry weight of root was recorded by 0.801, 0.740, 0.680 
and 0.590g as compared to 0.851 g in uninoculated control and 
dry weight of shoot was recorded by 2.32, 2.12, 1.93 and 1.68 g 
as compared to 2.61 in uninoculated control in 500, 1000, 2000 
and 4000 juveniles of M. incognita inoculated plants 
respectively. Reduction in total plant dry weight was 9.82, 17.34, 
24.56, and 34.39% over control in above given treatments 
respectively. 
Total number of pods per plant were recorded by 17.67, 
15.33, 12.00 and 9.67 as compared to 20.00 in uninoculated 
control in 500, 1000, 2000 and 4000 juveniles of M. incognita 
inoculated plants respectively and reduction in number of pods 
per plant was recorded by 11.65, 23.35, 40.00 and 51.65% over 
control in above given treatments respectively 
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Chlorophyll 'a' was recorded by 0.972, 0.958, 0.841 and 
0.772 mg/g as compared to 1.192 mg/g in uninoculated control in 
500, 1000, 2000 and 4000 juveniles of M. incognita inoculated 
respectively. Decrease in chlorophyll ' a ' was 18.45, 19.63, 29.44 
and 35.27% over control in above given treatments respectively. 
Chlorophyll 'b' was recorded by 0.670, 0.587, 0.552 and 
0.476 mg/g as compared to 0.892 mg/g in uninoculated control in 
500, 1000, 2000, and 4000 juveniles of M. incognita inoculated 
plants respectively. Decrease in chlorophyll 'b' was 24.88, 34.19, 
38.11 and 41.95% over control in above given treatments 
respectively. 
Total chlorophyll (a+b) was recorded by 1.642, 1.545, 
1.393 and 1.248 mg/g as compared to 2.084 mg/g in uninoculated 
control in 500, 1000, 2000, and 4000 juveniles of M. incognita 
inoculated plants respectively. Reduction in total chlorophyll 
(a+b) was 21.20, 25.86, 33.30 and 40.11% over control in above 
given treatments respectively. 
Total nematode population was recorded by 12630, 16980, 
26230 and 39200 when plants were inoculated with 500, 1000, 
2000 and 4000 juveniles of M. incognita respectively. The rate of 
nematode multiplication was 25.26, 16.98, 13.11 and 9.80 in 
above given treatments respectively. 
Total number of root galls per root system were recorded 
by 75, 107, 134 and 152 in 500, 1000, 2000 and 4000 juveniles of 
M. incognita inoculated plants respectively. 
61 
3. Effect of different inoculum levels of R. solani on plant 
growth, number of pods, chlorophyll contents, 
nodulation and root-rot development in presence of 
Rhizobium: 
It is clear from Table No. 3.a & b that an increase in 
fungus, Rhizoctonia solani inoculum resulted in a decrease in 
plant growth of V.mungo. to a varying degree. The root length of 
plant was 24.00, 21.50, 20.00 and 17.40 cm as compared to 26.90 
cm in uninoculated control and shoot length was 30.45, 28.20, 
26.10 and 25.00 cm as against 32.60 cm in uninoculated control 
in 0.5, 1.0, 2.0 and 0.4 g mycelium of R. solani respectively. The 
total length was reduced by 8.48, 16.47, 22.54 and 28.73% over 
control in above given treatments respectively. 
The fresh weight of root was 1.96, 1.72, 1.51 and 1.29 g as 
compared to 2.31 g in uninoculated control and fresh weight of 
shoot was 6.01, 5.89, 5.61 and 5.12 g as compared to 6.90 g in 
uninoculated control in 0.5, 1.0, 2.0 and 4.0 g mycelium of R. 
solani inoculated plants respectively. Decrease in total plant 
fresh weight was 8.03, 11.29, 15.85 and 24.74% over control in 
above given treatments respectively. 
The dry weight of root was recorded by 0.850, 0.825, 0.782 
and 0.710 g as compared to 0.940 g in uninoculated control and 
dry weight of shoot was recorded by 2.32, 2.14, 2.03 and 1.74 g 
as compared to 2.97 g in uninoculated control in 0.5, 1.0, 2.0, 
and 4.0 g mycelium of R. solani inoculated plants respectively. 
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Reduction in total plant dry weight was recorded by 18.92, 24.29, 
28.19 and 37.34% over control in above given treatments 
respectively. 
Number of nodules were recorded by 43.00, 36.33, 26.33 
and 18.00 as compared to 61.67 in uninoculated control in 0.5, 
1.0, 2.0 and 4.0 g mycelium of R. solani inoculated plants 
respectively. Reduction in nodules per root system was recorded 
by 30.27, 41.01, 57.30 and 70.81% over control in above given 
treatments respectively. 
Total number of pods per plant were 19.00, 17.33, 12.67 
and 9.67 as compared to 21.67 in uninoculated control in 0.5, I.O, 
2.0 and 4.0 g mycelium of R. solain inoculated plants 
respectively. Reduction in number of pods was 12.32, 20.02, 
41.43 and 55.37% over control in above given treatments 
respectively. 
Chlorophyll 'a' was 1.041, 0.953, 0.826 and 0.780 mg/g as 
compared to 1.251 mg/g in uninoculated control in 0.5, 1.0, 2.0 
and 4.0 g mycelium of R. solani inoculated plants respectively. 
Reduction in chlorophyll 'a' was recorded by 16.78, 23.82, 33.97 
and 37.64% over control in above given treatments respectively. 
Chlorophyll 'b' was 0.642, 0.582, 0.546 and 0.471 mg/g as 
compared to 1.251 mg/g in inoculated control in 0.5, 1.0, 2.0 and 
4.0 g mycelium of R. solani inoculated plants respectively and 
reduction was recorded by 31.84, 38.21, 42.03 and 50.00% over 
control in above given treatments respectively. 
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Total chlorophyll (a+b) was 1.683, 1.535, 1.372 and 1.251 
mg/g as compared to 2.193 mg/g in uninoculated control in 0.5, 
1.0, 2.0 and 4.0 g mycelium of R. solani inoculated plants 
respectively. Reduction in total chlorophyll (a+b) was 23.25, 
30.00, 37.43 and 42.95% over control in above given treatments 
respectively. 
Total root-rot index was observed 1.00, 1.30, 2.20 and 2.90 
when plants were inoculated with 0.5, 1.00, 2.00 and 4.0 g 
mycelium of R. solani respectively. 
4. Effect of different inoculum levels of R. solani on plant 
growth, number of pods, chlorophyll contents and root-
rot development in absence of R/iizobium: 
It is evident from data presented in Table No. 4 a & b that 
an increase in fungus R. solani inoculum decreased the plant 
growth of V. mungo. to a varying degree. The root length of plant 
was recorded by 21.40, 19.20, 17.00 and 16.10 cm as compared to 
26.50 cm in uninoculated control and shoot length of plant was 
recorded by 28.10, 26.15, 23.80 and 22.90 cm as compared to 
31.75 cm in uninoculated control in 0.5, 1.0, 2.0 and 4.0 g 
mycelium of R. solani inoculated plants respectively. Reduction 
in total plant length was recorded by 15.07, 22.14, 29.95 and 
33.04% over control in above given treatments respectively. 
The fresh weight of root was recorded by 1.67, 1.53, 1.38 
and 1.16 g as compared to 2.06 in uninoculated control and fresh 
weight of shoot was 5.41, 4.86, 4.52 and 4.41 g as compared to 
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6.35 g in uninoculated control in 0.5, 1.0, 2.0 and 4.0 g 
mycelium of Rhizoctonia soloni inoculated plants respectively. 
Reduction in total plant fresh weight was recorded by 15.81, 
24.01, 29.84 and 33.76% over control in above given treatments 
respectively. 
The dry weight of root was recorded by 0.740, 0.710, 0.660 
and 0.590 g as compared to 0.851 g in uninoculated control and 
dry weight of shoot was 2.13, 1.89, 1.67 and 1.54 g as compared 
to 2.61 g in uninoculated control in 0.5, 1.0, 2.0 and 4.0 g 
mycelium of Rhizoctonia solani inoculated plants respectively. 
Reduction in total plant dry weight was recorded by 17.05, 24.85, 
32.65 and 38.43% over control in above given treatments 
respectively. 
Total number of pods per plant were 17.00, 15.00, 11.33 
and 8.67 as compared to 20.00 in uninoculated control in 0.5, 1.0, 
2.0 and 4.0 g mycelium of R. solani inoculated plants 
respectively. Reduction in total number of pods was 15.00, 25.00, 
43.35 and 56.65% over control in above given treatments 
respectively. 
Chlorophyll 'a' was recorded by 0.989, 0.936, 0.798 and 
0.729 mg/g as compared to 1.192 mg/g in uninoculated control in 
0.5, 1.0, 2.0 and 4.0 g mycelium of R. solani inoculated plants 
respectively. Decrease in chlorophyll ' a ' was 17.03, 21.47, 33.05 
and 39.01 over control in above given treatments respectively. 
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Chlorophyll 'b' was 0.624, 0.561, 0.517 and 0.442 mg/g as 
compared to 0.892 mg/g in uninoculated control in 0.5, 1.0, 2.0 
and 4.0 g mycelium of R. solani inoculated plants respectively. 
Decrease in chlorophyll 'b' was recorded by 30.04, 37.10, 42.04 
and 50.44% over control in above given treatments respectively. 
Total chlorophyll (a+b) was recorded by 1.613, 1.497, 
1.315 and 1.169 mg/g as compared to 2.084 mg/g in uninoculated 
control in 0.5, 1.0, 2.0 and 4.0 g mycelium of R. solani 
inoculated plants respectively. Decrease in total chlorophyll 
(a+b) was 22.60, 28.16, 36.90 and 43.90% over control in above 
given treatments respectively. 
Total root-rot index was observed 1.20, 1.60, 2.60 and 3.30 
in 0.5, 1.0, 2.0 and 4.0 g mycelium of Rhizoctonia solani 
inoculated plants respectively. 
5. Effect of different inoculum levels of F. oxysporum on 
plant growth, number of pods, chlorophyll contents, 
nodulation and wilt index in presence of Rhizobium. 
It is clear from Table No. 5. a & b that the plant growth of 
V.mungo. reduced with an increase in fungus Fusarium 
oxysporum inoculum to a varying degree. The root length of plant 
was 23.10 20.90, 18.00 and 16.10 cm as compared to 26.90 cm in 
uninoculated control and shoot length was 30.14, 27.12, 25.10 
and 24.20 cm as compared to 32.60 cm in uninoculated control in 
0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum inoculated 
plants respectively. Reduction in total plant length was 10.52, 
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19.24, 27.56 and 32.26% over control in above given treatments 
respectively. 
The fresh weight of root was 1.78, 1.66, 1.35 and 1.21 g as 
compared to 2.31 g in uninoculated control and fresh weight of 
shoot was 5.87, 5.42, 5.03 nd 4.76 g as compared to 6.90 g in 
uninoculated control in 0.5, 1.0, 2.0 and 4.0 g mycelium of 
Fusariuin oxysporum inoculated plants respectively. Total plant 
fresh weight reduced by 16.93, 23.12, 30.72 and 35.15% over 
control in above given treatments respectively. 
The dry weight of root was recorded by 0.814, 0.793, 0.721 
and 0.654 as compared to 0.940 in uninoculated control and dry 
weight of shoot was recorded by 2.17, 2.01, 1.83 and 1.66 g as 
compared to 2.97 in uninoculated control in 0.5, 1.0, 2.0 and 4.0 
g mycelium of F. oxysporum inoculated plants respectively. 
Reduction in total plant dry weight was recorded by 12.20, 18.15, 
25.31 and 29.41% over control in above given treatments 
respectively. 
Number of nodules per root system were recorded by 38.67, 
32.00, 23.33 and 15.33 as compared to 61.67 in uninoculated 
control in 0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum 
inoculated plants respectively. Reduction in total number of 
nodules were recorded by 37.29, 48.11, 62.16 and 75.14% over 
control in above given treatments respectively. 
Total number of pods per plant were recorded by 17.67, 
15.33, 12.00 and 8.33 as compared to 21.67 in uninoculated 
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control in 0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum 
inoculated plants respectively. Reduction in number of pods was 
18.45, 29.25, 44.62 and 61.55% over control in above given 
treatments respectively. 
Chlorophyll 'a' was recorded by 0.986, 0.939, 0.792 and 
0.746 mg/g as c'ompared to 1.251 mg/g in uninoculated control in 
0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum inoculated 
plants respectively. Reduction in chlorophyll 'a' was 21.18, 
24.94, 36.69 and 40.36% over control in above given treatments 
respectively. 
Chlorophyll 'b' was 0.635, 0.561, 0.499 and 0.427 mg/g as 
compared to 1.251 mg/g in uninoculated control in 0.5, 1.0, 2.0 
and 4.0 g mycelium of F. oxysporum inoculated plants 
respectively. Reduction in chlorophyll 'b' was 32.59, 40.44, 47.02 
and 54.67% over control in above given treatments respectively. 
Total chlorophyll (a+b) was recorded by 1.621, 1.500, 
1.291 and 1.173 mg/g as compared to 2.193 mg/g in uninoculated 
control in 0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum 
inoculated plants and reduction in total cholorophyll (a+b) was 
26.08, 31.60, 41.13 and 46.57% over control in above given 
treatments respectively. 
Wilt-index was observed 1.60, 2.25, 2.80 and 3.75 when 
plants were inoculated with 0.5, 1.0, 2.0 and 4.0 g mycelium of 
F. oxysporum respectively. 
68 
6. Effect of different inoculum levels of F. oxysporum on 
plant growth, number of pods, chlorophyll contents, and 
wilt index in absence of RJiizobium. 
It is clear from Table No. 6. a & b that plant growth of V. 
mungo reduced with an increase in fungus F. oxysporum 
inoculum level 'to a varying degree. The root length of plant was 
20.60, 17.10, 15.20 and 14.50 cm as compared to 26.50 cm in 
uninoculated control and shoot length of plant was recorded by 
26.60, 23.70, 22.90, and 22.10 cm as compared to 31.75 cm in 
uninoculated control in 0.5, 1.0, 2.0 and 4.0 g mycelium of F. 
oxysporum inoculated plants respectively. Reduction in total 
plant length was recorded by 18.96, 29.95, 34.59 and 37.16% 
over control in above given treatments respectively. 
The fresh weight of root was recorded by 1.56, 1.42, 1.25 
and 1.02 g as compared to 2.06 g in uninoculated control and 
fresh weight of shoot was 5.27, 4.52, 4.30, and 4.12 g as 
compared to 6.35 g in 0.5, 1.0, 2.0 and 4.0 g mycelium of 
Fusarium oxysoprum inoculated plants respectively. Reduction in 
total plant fresh weight was recorded by 18.78, 29.36, 34.00 and 
38.88% over control in above given treatments respectively. 
The dry weight of root was recorded by 0.720, 0.700, 0.610 
and 0.500 as compared to 0.851 g in uninoculated control and dry 
weight of shoot was 2.01, 1.81, 1.52 and 1.36 g as compared to 
2.61 g in uninoculated control in 0.5, 1.0, 2.0 and 4.0 g mycelium 
of Fusarium oxysporum inoculated plants respectively. Reduction 
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in total plant dry weight was recorded by 21.09, 27.45, 38.15 and 
46.25% over control in above given treatments respectively. 
Total number of pods per plant were recorded by 16.33, 
14.33, 10.67 and 7.33 as compared to 20.00 in uninoculated 
control in 0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum 
inoculated plants respectively. Reduction in total number of pods 
was 18.35, 28.35, 46.65 and 63.35% over control in above given 
treatments respectively. 
Chlorophyll ' a ' was recorded by 0.952, 0.927, 0.728 and 
0.711 as compared to 1.192 in uninoculated control in 0.5, 1.0, 
2.0 and 4.0 g mycelium of F. oxysporum inoculated plants 
respectively. Reduction in chlorophyll ' a ' was 20.13, 22.23, 
38.92 and 40.35% over control in above given treatments. 
Chlorophyll 'b' was recorded by 0.609, 0.559, 0.462 and 
0.385 mg/g as compared to 0.892 mg/g in uninoculated control in 
0.5, 1.0, 2.0 and 4.0 g mycelium of F. oxysporum inoculated 
plants respectively. Reduction in chlorophyll 'b' was 31.72, 
37.33, 43.65 and 56.83% in above given treatments respectively. 
Total chlorophyll (a+b) was recorded by 1.561, 1.486, 
1.190 and 1.096 mg/g as compared to 2.084 mg/g in uninoculated 
control in treatments 0.5, 1.0, 2.0 and 4.0 g mycelium of F. 
oxysporum inoculated plants respectively. Reduction in total 
chlorophyll (a+b) was 25.09, 28.69, 42.89 and 47.40% over 
control in above given treatments respectively. 
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The wilt index was observed 2.20, 2.70, 3.25 and 4.50 when 
0.5, 1.0, 2.0 and 4.0 g mycelium of Fusarium oxysporum was 
inoculated respectively. 
7. Effect of individual, simultaneous and sequential 
inoculation of M. incognita, R. solani and F. oxysporum 
on plani growth of Vigna mungo, number of pods, 
chlorophyll contents, nodulation, nematode 
development, gall formation, roof-rot and wilt 
development in presence of Rliizobiiim. 
It is evident from the data presented in Table No. 7. a & b 
that the root length of plants was 23.20, 21.90, 18.10, 17.90, 
16.20, 16.00, 15.90, J5.10, 14.20, 14.10 and 12.60 cm as 
compared to 27.60 cm in uninoculated control and shoot length 
was 27.20, 25.10, 24.00, 23.40, 22.60, 22.10, 21.0, 20.80, 20.10, 
19.90 and 16.20 as compared to 32.90 cm in uninoculated control 
in Mi, Rs, Fo, Rs-^Mi, Fo->Mi, Rs+Fo, Mi->Rs, M i ^ F o , Mi+Rs, 
Mi+Fo and Mi+Rs+Fo treatments respectively. Reduction in total 
plant length was 16.69, 22.31, 30.41, 31.37, 35.86, 37.02, 39.00, 
40.66, 43.30, 43.80 and 52.39% over control in above given 
treatments respectively. 
Fresh weight of root was recorded by 2.21, 1.99, 1.80, 1.72, 
1.32, 1.26, 1.19, 1.12, 1.09, 0.981 and 0.924 g as compard to 
2.36g in uninoculated control and fresh weight of shoot was 7.29, 
7.12, 6.49, 6.32, 6.23, 6.17, 6.11, 5.86, 5.72, 5.46 and 4.92 g as 
compared to 8.36 g in uninoculated control in Mi, Rs, Fo, 
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R s ^ M i , Fo->Mi, Rs+Fo, M i ^ R s , M i ^ F o , Mi + Rs, Mi + Fo, and 
Mi+Rs+Fo treatments respectively. Decrease in total plant fresh 
weight was recorded by 11.38, 15.01, 22.66, 25.00, 29.57, 30.69, 
31.90, 34.88, 36.47, 39.92 and 45.52% as compared to 10.72 g in 
uninoculated control in above given treatments respectively. 
Dry weight of root was recorded by 0.869, 0.849, 0.821, 
0.808, 0.712, 0.648, 0.614, 0.582, 0.559, 0.492 and 0.419 g as 
compared to 0.882 g uninoculated control and dry weight of shoot 
was 2.38, 2.19, 2.10, 2.00, 1.89, 1.83, 1.81, 1.70, 1.61 and 1.057 
g as compared to 3.14g in uninoculated control in Mi, Rs, Fo, 
Rs->Mi, F o ^ M i , Rs+Fo, M i ^ R s , Mi-^Fo, Mi + Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Reduction in total plant dry 
weight was 10.94, 19.90, 25.12, 27.86, 32.58, 36.75, 39.30, 
40.54, 44.02, 47.76, and 63.43% over control in above given 
treatments respectively. 
Total number of pods per plant were recorded by 19.33, 
17.17, 16.00, 15.03, 15.00, 13.27, 13.00, 12.00, 11.33, 10.00 and 
8.00 as compared to 22.33 in uninoculated control in Mi, Rs, Fo, 
Rs->Mi, Fo->Mi, Fo+Rs, M i ^ R s , M i ^ F o , Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Total number of pods/plant 
were reduced by 13.43, 23.30, 28.34, 32.69, 32.82, 40.57, 41.78, 
46.26, 49.26, 55.21 and 64.17% over control in above given 
treatments respectively 
Chlorophyll 'a' was recorded 0.962, 0.936, 0.894, 0.870, 
0.831, 0.802, 0.790, 0.774, 0.736, 0.698 and 0.682 mg/g as 
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compare to 1.391 mg/g in unioculated control in Mi, Rs, Fo, 
R s ^ M i , Fo->Mi, Fo+Rs, Mi->Rs, M i ^ F o , Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Reduction in chlorophyll 'a' 
was noticed by 30.84, 32.71, 35.72, 37.45, 40.25, 42.34, 43.20, 
44.64, 47.08, 49.82 and 50.97% over control in above given 
treatments respectively. 
Chlorophyll 'b' was recorded 0.824, 0.809, 0.770, 0.728, 
0.698, 0.642, 0.639, 0.624, 0.601, 0.581, and 0.564 mg/g as 
compared to 1.098 mg/g in uninoculated control in Mi, Rs, Fo, 
Rs-^Mi, Fo-^mi, Fo+Rs, Mi-^Rs, M i ^ F o , Mi + Rs, Mi+Fo, and 
Mi+Rs+Fo treatments respectively. Chlorophyl 'b' was reduced by 
24.95, 26.32, 29.87, 33.69, 36.42, 41.53, 41.80, 43.16, 45.26, 
47.08 and 48.63% over control in above given treatments 
respectively. 
Total chlorophyll (chl a+b) was recorded 1.764, 1.745, 
1.664, 1.598, 1.529, 1.444, 1.429, 1.398, 1.337, 1.279 and 1.246 
mg/g as compared to 2.489 mg/g in uninoculated control in Mi, 
Rs, Fo, Rs->Mi, F o ^ M i , Fo+Rs, Mi->Rs, Mi->Fo, Mi+Rs, 
Mi+Fo and Mi+Rs+Fo treatment respectively. Reduction in total 
chlorophyll (chl a+b) was recorded by 29.128, 29.891, 33.145, 
35.797, 38.569, 41.984, 42.587, 43.832, 46.088, 48.613 and 
49.939% over control in above given treatments respectively. 
Total number of nodules/root system were recorded by 42, 
35, 31, 27, 24, 20, 19, 18, 17, 16, and 14 as compared to 67 in 
uninoculated control in Mi, Rs, Fo, Rs->Mi, Fo-^Mi, Rs+Fo, 
73 
M i ^ R s , Mi->Fo, Mi+Rs, Mi+Fo and Mi + Rs+Fo treatments 
respectively. Reduction in total number of nodules per root 
system was 37.31, 47.46, 53.73, 59.70, 64.17, 70.14, 71.64, 
73.13, 74.62, 76.11 and 79.10% over control in above given 
treatments respectively. 
Total neiliatode population was recorded by 5641, 5110, 
7986, 7763, 6641, 6230, and 4557 as compared to 13950 in 
nematode inoculated (Mi) control in Rs-^Mi, Fo->Mi, Mi->Rs, 
M i ^ F o , Mi+Rs, Mi+Fo and Mi+Rs+Fo treatments respectively. 
Rate of nematode multiplication was 5.64, 5.11, 7.98, 7.76, 6.64, 
6.23 and 4.55 as against 13.95 in nematode alone control (Mi) in 
R s ^ M i , Fo-^Mi, Mi-^Rs, Mi-^Fo, Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Reduction in nematode 
multiplication was 59.56, 63.36, 42.79, 44.37, 54.40, 55.34 and 
67.38% over control (Mi) in above given treatments respectively. 
Total root galls per root system were recorded by 31, 26, 
47, 43, 37, 34 and 22 as compared to 62 in nematode alone 
control (Mi) in R s ^ M i , F o ^ M i , Mi-^Rs, Mi-^Fo, Mi + Rs, Mi+Fo 
and Mi+Rs+Fo treatments respectively. Galls/root system were 
decreased 50.00, 58.06, 24.19, 30.64, 40.32, 45.16 and 64.51% 
over control (Mi) in R s ^ M i , Fo->Mi, Mi->Rs, Mi->Fo, Mi+Rs, 
Mi+Fo, and Mi+Rs+Fo treatments respectively. 
Total root-rot index was observed 1.60, 1.40, 2.10, 2.33 and 
2.40 as compared to 1.40 in plants inoculated with Rhizoctonia 
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solani alone in R s ^ M L Fo+Rs. M i ^ R s . Mi + Rs and Mi+Fo+Rs 
treatments respectively. 
Wilt-index was recorded by 2.60, 2.20, 2.70, 2.80 and 2.90 
as compared to 2.20 in plants inoculated with Fusarium 
oxysporum alone in Fo-^Mi, Fo+Rs, Mi->Fo, Mi+Fo and 
Mi+Rs+Fo treatments respectively. 
8. Effect of individual, simultaneous and sequential 
inoculation of M. incognita, R.solani and F. oxysporum 
on growth of Vigna mungo, number of pods, chlorophyll 
content, nematode multiplication, gall formation, root-
rot and wilt development in absence of Rhizobiiim. 
It is evident from the data given in Table No. 8. a & b that 
the root length of plant was 22.60, 21.30, 17.20, 17.10, 16.00, 
15.20, 14.60, 14.10, 13.80, 13.40 and 12.40 cm as compared to 
27.10 cm in uninoculated control and shoot length of plant 26.90, 
23.20, 21.50, 21.40, 21.20, 20.00, 19.70, 19.50, 19.10, 18.20 and 
14.30 cm as compared to 31.60 uninoculatd control cm in Mi, Rs, 
Fo, Rs->Mi, Fo->Mi, Fo+Rs, Mi->Rs, M i ^ F o , Mi + Rs, Mi+Fo, 
and Mi+Rs+Fo treatments respectively. Reduction in plant length 
was 15.67, 24.19, 34.07, 34.41, 36.62, 40.03, 41.56, 42.75, 43.95, 
46.16 and 54.50% over control in above given treatments. 
Fresh weight of root was recorded by 1.91, 1.80, 1.66, 1.45, 
1.30, 1.13, 1.05, 1.00, 0.98, 0.83, and 0.72 as compared to 2.10g 
in uninoculated control and fresh weight of shoot was 5.98, 5.71, 
5.34, 5.31, 5.20, 5.01, 4.91, 4.72, 4.60, 4.39 and 3.32 g as 
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compared to 7.66g in uninoculated control in Mi, Rs, Fo, 
R s ^ M i , Fo-^Mi, Rs+Fo, Mi->Rs, Mi->Fo, Mi+Rs, Mi+Fo, and 
Mi+Rs+Fo treatments respectively. Decrease in total plant fresh 
weight was recorded by 19.15, 23.05, 28.27, 30.73, 33.40, 37.09, 
38.93, 41.39, 42.82, 46.51, and 58.60% over control in above 
given treatments. 
Dry weight of root was recorded by 0.763, 0.742, 0.701, 
0.684, 0.642, 0.585, 0.547, 0.519, 0.472, 0.307, and 0.204 g as 
compared to 0.861g in uninoculated control and dry weight of 
shoot was 2.24, 2.08, 1.82, 1.65, 1.54, 1.42, 1.31, 1.26, 1.17, 
1.12 and 1.01 as compared to 2.90g in uninoculated control in 
Mi. Rs. Fo. Rs->Mi. Fo->Mi, Rs+Fo, Mi-^l^s. Mi-^Fo. Mi+Rs, 
Ml+Fo, and Mi+Rs+Fo treatments respectively. Reduction in total 
plant dry weight was 20.21, 25.00, 32.97, 38.09, 42.02, 46.80, 
50.79, 52.92, 56.38, 62.23 and 67.81% over control in above 
given treatments. 
Total number of pods per plant were recordd by 14.90, 
12.33, 12.00, 11.00, 10.67, 9.67, 9.33, 9.00, 8.20, 7.00 and 5.00 
as compared to 18.68 in uninoculated conrol in Mi, Rs, Fo, 
Rs->Mi, Fo->Mi, Fo+Rs, M i ^ R s , M i ^ F o , Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Total number of pods/plant 
were reduced by 20.23, 33.99, 35.76, 41.11, 42.88, 48.23, 50.05, 
51.82, 56.10, 62.52 and 73.23% over control in above given 
treatments respectively. 
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Chlorophyll 'a' was recordedX>§^,799, 0 . 7 9 4 . ^ ^ 2 6 , 0.701, 
0.682, 0.624, 0.599, 0.572, 0.524, 0.502 and 0.451 mg/g as 
compared to 1.251mg/g in uninoculated control in Mi, Rs, Fo, 
R s ^ M i , Fo->Mi, Fo+Rs, Mi-^Rs, M i ^ F o , Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Reduction in chlorophyll 'a' 
was recorded by 31.18, 36.53, 37.46, 39.62, 41.25, 46.25, 48.40, 
49.26, 54.86, 56.76 and 61.15% over control in above given 
treatments respectively. Chlorophyll 'b' was noticed 0.634, 
0.626, 0.591, 0.562, 0.522, 0.464, 0.458, 0.442, 0.430, 0.410 and 
0.401 mg/g as compared to 0.852 mg/g in uninoculated control in 
Mi, Rs, Fo, Rs->Mi, Fo->Mi, Fo+Rs, Mi->Rs, M i ^ F o , Mi+Rs, 
Mi+Fo and Mi+Rs+Fo treatments respectively. Reduction in 
chlorophyll 'b' was 25.58, 26.52, 30.63, 34.03, 38.73, 45.53, 
46.24, 48.12, 49.53, 5 1.87 and 52.93% over control in above 
given treatments respectively. 
Total chlorophyll (a+b) was recorded 1.433, 1.420, 1.317, 
1.263, 1.204, 1.088, 1.057, 1.014, 0.954, 0.912 and 0.852 mg/g as 
compared to 2.103 mg/g in uninoculated control in Mi, Rs, Fo, 
R s ^ M i , Fo-^Mi, Fo+Rs, Mi-^Rs, Mi->Fo, Mi+Rs, Mi+Fo and 
Mi+Rs+Fo treatments respectively. Reduction in total chlorophyll 
(a+b) was recorded by 31.761, 32.477, 34.575, 37.257, 40.188, 
45.951, 47.491, 49.627, 52.608, 54.694 and 57.675% over control 
in above given treatments respectively. 
Total nematode population was recorded by 8382 7467, 
14356, 13810, 12236, 9493 and 7945 as compared to 15451 in 
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control (Mi) in R s ^ M i , F o ^ M i , M i ^ R s , Mi->Fo, Mi+Rs, 
Mi+Fo, Mi+Rs+Fo treatments respectively. Rate of nematode 
multiplication was 8.38, 7.46, 14.35, 13.81, 12.23, 9.49, and 7.94 
as against 15.45 in nematode alone (Mi) control in the following 
treatments Rs->Mi, Fo->Mi, Mi->Rs, Mi->Fo, Mi + Rs, Mi+Fo, 
and Mi+Rs+FD treatments respectively. The reduction in 
nematode multiplication was 45.76, 51.71, 7.11, 10.61, 20.84, 
38.57 and 48.60% over control (Mi) in above given treatments 
respectively. 
Total root galls per root system were recorded by 46, 42, 
61, 54, 52, 49, and 33 as compared to 71 in nematode alone 
control (Mi) in R s ^ M i , Fo->Mi, Mi->Rs, M i ^ F o , Mi + Rs, 
Mi+Fo and Mi+Rs+Fo treatments respectively. Galls/root system 
were decreased by 35.21, 40.84, 14.08, 23.94, 26.76, 30.98 and 
53.52% in over control in above given treatments respectively. 
Total root-rot index was observed 1.80, 1.50, 2.40, 2.50, 
and 2.60 as compared to 1.50 in plants inoculated with 
Rhizoctonia solani alone in above Rs->Mi, Fo+Rs, Mi->Rs, 
Mi+Rs and Mi+Rs+Fo treatments respectively. 
8. Wilt-index was recorded by 2.90, 2.50, 3.00, 3.25 and 3.30 
as compared to 2.50 in plants inoculated with Fusarium 
oxysporum alone in Fo->Mi, Fo+Rs, Mi->Fo, Mi+Fo, and 
Mi+Rs+Fo treatments respectively. 
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DISCUSSION 
Black gram (V. mungo cv. PDU-7) seedlings were 
inoculated with different inoculum levels of root-knot nematode, 
M. incognita (500, 1000, 2000 and 4000) juveniles per plant, and 
the fungi R. solani and F. oxysporum {0.5, 1.0, 2.0 and 4.0 g) per 
plant separately. Gradual reduction in plant growth caused by 
increased inoculum levels of all the pathogens. When 1000 or 
more nematodes or 1.0 g or more fungus was inoculated per plant 
in both bacterized and unbacterized plants then there was a 
significant reduction in total plant weight. Increasing inoculum 
levels of M, incognita (500, 1000, 2000 and 4000 J2) caused more 
reduction in total plant weight, nodulation, number of pods and 
chlorophyll contents. Rate of nematode multiplication decreased 
as the inoculum levels of nematode increased, may be due to 
competition for food and space. Surface area of root remained 
same for both lower and higher inoculum levels. Overcrowding of 
nematodes at higher inoculum density created competition among 
the nematodes which resulted in their natural death and reduced 
multiplication. In case of low inoculum level, multiplication rate 
becomes high due to abundance of food, space and less 
competition among them. Root galls increased as inoculum levels 
increased. Our results are in confirmity with those of Shahzad 
and Ghaffar, 1995; Chahal, 1997 and Triantaphyllou, 1967.An 
increase in inoculum levels of R. solani and F. oxysporuin caused 
greater root-rot and wilting and resulted a decrese in plant 
growth and nodulation. Fusarium spp. produced fusaric acid is 
known to cause stunting, chlorosis and even death of infeccted 
plants (Yabuta et al., 1934; Subba Rao, 1957; Andal, 1957). 
In combined inoculations, greater reduction was recorded in 
total plant weight, number of pods, chlorophyll contents, 
nodulation, when plants were inoculated with all the three 
pathogens simultaneously. The plant damage was higher when 
nematode inoculated 15 days prior to fungus than that of 
reciprocal treatment. The highest reduction in plant growth and 
nodulation was in simultaneous inoculation in contrast to 
sequential inoculations (Azam , 1975 and Mani, 1983), because 
each pathogen has equal opportunity to parasitize the roots and 
alter the morphology, anatomy, and biochemistry of the host 
plant (Young et al., 1976, Mani, 1983) while in remaining 
treatments there was lack of time (15 days) and pathogens have 
less time to parasitize on host plants, that's why, there was less 
reduction in plant growth and nodulation as compared to 
simultaneous inoculation. In sequential inoculations another 
factor may be that the seedlings have progressed to such a stage 
of their development that they no longer remain susceptible to 
one of the three pathogens. The results are in agreement with 
those of Azam et al., (1984); Mukhtar and Khan (1989); Kumar et 
al., (1992); Anwar and Verma, (1993). M. incognita 
multiplication and galling was affected in all combinations and 
with the fungus and it is due to the inhibitory effect of fungus on 
nematodes as compared to nematode present alone. The reduction 
80 
in nematode multiplication and galling was also significantly 
high when fungus was inoculated prior to nematode and least in 
its vice-versa treatment. 
Root-rot and wilting increased in presence of nematode due 
to mobilization of nutrients to infected roots which benefited the 
fungal growth and increased the disease incidence. In treatments 
when fungus was inoculated earlier than nematodes the fungus 
produced certain metabolites which adversely affected the 
nematode feeding sites by damaging the cells there by resulting a 
reduction in nematode development and less root- knot galls 
formation.Where as, in prior establishment of nemotode, The 
nemotode predisposed the roots in advance to fungal attack by 
inducing the physiological and biochemical changes resulting in 
the aggressive behavior of the fungus (Sidiqui,1990). 
Significant reduction was also observed in the 
photosynthetic pigment chlorophyll due to these pathogens. 
Decrease in chlorophyll contents in infected plants, adversely 
affect the photosynthesis which in turn impede development of 
plants in terms of reduced plant weight, number of flowers and 
delayed flowering, ultimately resulting in reduced yield 
(Melakeberhan et al., 1985) inbalance in the translocation 
process (Bird and Loveys, 1975); McClure, 1977; Melakeberhan 
et al., 1985; Tiyagi et al., 1986) reduced production and supply 
of carbodydrates to nodules for carrying out nitrogen fixation 
(Chahal and Chahal, 1987; Anwar and Alam 1989; Tiyagi and 
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Alam, 1990; Chandel et ai, 1993; Vashisth et al., 1994), 
reduction in chlorophyll contents due to fungus (Murumkar and 
Chavan, 1985). Significantly there was higher reduction in 
chlorophyll contents [chl a, b and total chl] in concomitant 
inoculations than in either of them alone (Tiyagi 1990). Our 
results are in cdnfirmity with those workers given above. 
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